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ORGANIZATION 


The ‘Scientific and Industrial Research Council of Alberta, 
formed in January, 1921, carries on its work in co-operation with 
the University of Alberta. 


The personnel of the Council at the present time is as follows: 


Hon. Herbert Greenfield, Premier of Alberta, Chairman. 

H. M. Tory, President, University of Alberta. , 

J. T. Stirling, Chief Inspector of Mines, Province of Alberta. 
J. A. Allan, Geologist. 

N. C. Pitcher, Mining Engineer. 


R. W. Boyle, Dean, Faculty of Applied Science, University of 
Alberta. 


Edgar Stansfield, Honorary Secretary, Industrial Research 
Department, University of Alberta. 


Requests for-information and reports should be addressed to 
the Honorary Secretary, Industrial Research Department, Univer- 
sity of Alberta, Edmonton, Alberta. 
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Hon. Herpert GREENFIELD, 
Premier of Alberta, 
Edmonton, Alta. 


Sib 


Under instruction from the Scientific and Industrial Research 
Council of Alberta, I herewith submit their Fifth Annual Report. 
This covers the work done under their direction during the year 


ending December 31st, 1924. 
Respectfully submitted, | 


Epcar STANSFIELD, 


[Tonorary Secretary. 


FIFTH ANNUAL REPORT OF THE SCIENTIFIC 
AND INDUSTRIAL RESEARCH COUNCIL 
OF ALBERTA 


PERSONNEL AND MEETINGS OF COUNCIL 


Five meetings of the Council were held during the year. The 
personnel remained unchanged, and is as given below :— 


Hon. Herserr GREENFIELD, Premier of Alberta, Chairman; 

H. M. Tory, President, University of Alberta; 

J.T. Srirtinc, Chief Inspector of Mines, Province of Alberta; 

J. A. Arran, Geologist, University of Alberta; 

N. C. Prrcuer, Mining Engineer, University of Alberta; 

R. W. Boyrz, Dean, Faculty of Apphed Science, University of 
Alberta; 

EpcGar STANSFIELD, Honorary Secretary. 


STAFF 


The following changes in the permanent staff have been made 
during the year :— 


R. L. Rutherford commenced work as Geologist on May Ist. 
This appointment was a transfer from seasonal to permanent 
employment. 

W. L. McDonald resigned his position as Assistant Engineer 
in the Fuels Division on May 24th. 

W. A. Lang commenced work as Assistant Engineer in the 
Fuels Division on November 6th, in place of W. L. McDonald, 
resigned. 

W. G. Jewitt resigned his position as Assistant Engineer in 
the Road Materials Division on September 30th. 

H. D. Moon resigned his position of Laboratory Assistant on 
September 30th. 

J. D. Baird commenced work as Laboratory Assistant on 
October 1st. 

Marjorie D. Walker commenced work as Geological Sten- 
ographer on October Ist. 


~The permanent staff on December 31st, 1924, was as follows :— 


Epegar Sransrieip, Research Engineer, wels ; 

K. A. Crark, Research Engineer, Road Materials, 

R. T. Horxres, Assistant Research Engineer, wels ; 

R. L. Ruruerrorp, Geologist, Geology; 

S. M. Brair, Assistant Research Engineer, Road Materials, 
W. P. Camese tt, Fuel Analyst, Fuels ; 
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W. A. Lane, Assistant Engineer, P'vels; 

J. B. Coguitt, Recording Secretary; 
Marsorte D. Warker, Geological Stenographer ; 
J. D. Batrp, Laboratory Assistant. 


In addition to the above, Professors J. A. Allan and N. C. 
Pitcher, of the University of Alberta, Members of the Council, are 
in permanent charge of the Council’s research work in Geology 
and Mining Engineering, respectively. 


Other members of the University Staff have assisted from time 
to time: notably Prof. R. S. L. Wilson devoted considerable time 
throughout the year to work for the Council on the forest products 
of Alberta, with special reference to mine timber;.A. G. Scroggie, 
a graduate student of the University, carried on, under the auspices 
of the Council, an investigation on the clinkering properties of 
coals. 


A number of other persons held summer or short term appoint- 
ments under the Council :— 


In the Fuels Division: F. L. Grindley, Briquetting Assistant. 


In the Geology Division: J. O. G. Sanderson, Geologist in 
charge of a field party; Leo Telfer, Assistant Geologist; E. Jones, 
Assistant Geologist; Miss M. D. Fife, Stenographer. 


In the Road Materials Division: G. J. Knighton, Draftsman 
and Surveyor; J. V. Lehmann, Chemist; A. J. Morton, Chemist; 
M. Ray, Laboratory Assistant, etc. 


In the Forest Products Division: R. K. Muir rendered occasional 
service. 
In the Office: R. W. Howie acted as Junior Office Assistant. 


ORGANIZATION 


In the organization of the University of Alberta the staff of the 
Research Council constitutes the Industrial Research Department, 
and the Research Council’s laboratories are referred to as the 
Industrial Research laboratories. 


In the organization of the Provincial Government the work of 
the Research Council was attached to the Department of the 
Provincial Secretary. At the close of the year 1923 it was trans- 
ferred to the Executive Council, where it is under the direct super- 
vision of the Premier. 


LABORATORIES AND EQUIPMENT 


The most notable addition during the year was that of the 
bituminous sand separation plant erected at the Dunvegan Yards 
of the E. D. & B. C. railway in Edmonton. This plant is referred 
to later. 


The laboratory accommodation and facilities available at the 
University for the work of the Council were slightly increased 
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during the year by the installation of one double-sided work bench, 
22 feet long, with gas, water and electrical connections, and also 
some tables and shelves. 


The principal items of new laboratory equipment acquired 
during the year are as follows:—Lessing coking test apparatus, 
Freas thermostat, Leeds & Northup duplex recording pyrometer, 
Howard & Morse ductility apparatus, Stormer viscosimeter, two 
Sartorius balances, two Bristol recording thermometers, swing saw, 
and Canadian General Electric 15 h.p. motor, acquired by purchase: 
also many pieces of apparatus designed and largely constructed at 
the University. Additions were also made to the library. 


FUELS 


The work of previous years was continued, and some fresh 
work begun. Only one carload sample was received and tested, as 
it was decided to devote more time to other branches of the work 
during the year. This sample was subjected to screening, storage, 
and other tests, as in previous years. Nine special samples were 
received and tested: one for smithy purposes, and eight for heavy 
solution tests to indicate their suitability for purification by 
washing. Also, Georges Creek, Md., coal was purchased for smithy 
tests, and Edmonton coal for domestic heater tests. 


Storage tests were continued, and two-year tests were com- 
pleted on two domestic coals during the year. The methods of 
carrying out and reporting the tests were not changed. 


No boiler trials were made this year. 


Considerable progress was made during the year with the work 
on domestic heaters, both in actual tests and in development of 
methods and technique of testing. In addition to tests in the lab- 
oratory on both hot water and hot air furnaces, tests were made on 
furnaces installed in a residence in Edmonton. These latter tests 
were largely designed to collect data to ensure that the laboratory 
tests were carried out under conditions resembling those found in 
ordinary service. <A three-phase, 20 k.w. electric resistance heater 
was designed and constructed for use inside the laboratory furnaces. 
This was intended for testing the accuracy of the measurements 
made, and also to test such matters as loss of heat by radiation, ete. 


Marked progress was made during the year with briquetting, 
although the further this work is carried, the more difficult it is 
found to be. There are many variable factors to be adjusted, and 
a change in any one of these appears to change the most favourable 
adjustment for the others. Two hundred and twenty-five batches 
of briquettes were made during the year: one hundred and fifty- 
one with sub-bituminous coal from the Coalspur area; thirty-nine 
with similar coal from the Saunders area; twenty-eight with bitu- 
minous coal, mainly from the Crowsnest area; and seven with 
carbonized lignite. The principal binders used were soft coal tar 
pitch; asphalt, including asphalt from McMurray bitumen and 
Wainwright oil; hard coal tar pitch; hgnite pitch; and sulphite 
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pitch. These binders were used alone and in combination with 
sawdust, flour, starch, oatmeal, bentonite, and water glass, or 
preparations of these. Briquettes are tested to show their strength 
and handling qualities, their ability to stand prolonged exposure 
to the weather, and their firing qualities. Only those which pass 
all three tests are regarded as satisfactory. 


The study of the physical properties of the binders which was 
begun at the end of 1923 was continued intermittently. The ab- 
sence of suitable standardised tests for binders, and the difficulty 
of interpreting the results obtained in such a way as to indicate the 
merits of the binder, make progress slow, especially at the 
beginning. 


Smithy tests were carried out on air-washed coal from the 
Greenhill mine at Blairmore. The excellent results obtained with 
this coal serve to further emphasize the absurdity of continued 
importation of smithy coal from the United States into the 
Province. 


Study of the clinkering properties of ash from typical coals 
made slow progress during the year, and several coals have yet to 
be tested to complete the proposed programme. This study has 
been undertaken as spare time work by Mr. A. G. Scroggie, a 
member of the staff of another department. 


Laboratory studies have been continued, with particular atten- 
tion to accuracy of methods of analysis of coal, especially for 
moisture and volatile matter; relation between calorific value and 
ash content of coal; relation between mineral impurities in coal 
and the ash produced on burning; and to the moisture-holding 
properties of coal. 


Work carried on for the Provincial Mines Branch included the 
analysis of 178 samples of coal and 7 samples of coal dust taken 
by the Provincial Inspectors of Mines from some 80 mines. Forty- 
five samples of coal were also analysed for the Geological Division. 


The coal samples analysed during the past five years have been 
card indexed by mines and by areas, etc. These analyses, and many 
published in Ottawa, have been collected and arranged according to 
districts; a careful study has been made of them, ‘and many ways 
of bringing them to a comparable basis have been tried. This 
work 1s alte preparatory to the construction of maps showing the 
chemical characteristics of the coals throughout the ,Province. 


A more detailed report of several branches of the work on 
Fuels is given as an appendix. 
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GEOLOGY 


Details of progress in this division are given in the geology 
section of the appendix to this report. 


The geological work of the Council was carried on in con- 
junction with the Department of Geology of the University. The 
requests from the public for information on mineral and allied 
resources in the province, as indicated in the correspondence, were 
varied, and more numerous than in previous years. The corres- 
pondence for the year included 594 letters received, and 705 letters 
sent out. 


The large number of specimens received by J. A. Allan were 
examined and reported on free of charge. Those requiring a 
chemical analysis, for which a charge is made, were attended to by 
the Industrial Laboratories. 


Two geological field parties were directed by J. A. Allan. One 
party continued the foothills belt survey started in 1922, and 
covered about 600 square miles between McLeod and Athabaska 
rivers. The second party was in the district along Red Deer river, 
between Carbon and Ardley, continuing the survey of the Drum- 
heller coal area, made in 1921. Nearly 6,000 square miles were 
examined. 


Besides supervising the geological work and visiting the two 
field parties, Dr. Allan investigated occurrences of aluminium 
sulphate on Smoky river, and of placer gold on Athabaska river 
near Smith. “About ten days were spent with the Soils Survey 
party under the direction of Dr. F. W. Wyatt, making a general 
survey of the surface geological features in the southeastern part 
of Alberta. Observations were made on the relation of the surface 
deposits to the soils from Oyen, east of Youngstown, south through 
Empress, Medicine Hat, and Cypress Hills, to the International 
Boundary line, then west along the southern part of the province 
to Cardston and Waterton lakes. 


In December, considerable time was spent by Dr. Allan in 
getting infor mation for the Alberta Coal Commission. 


Additional geological information was compiled for the 
geological map of Alberta now being prepared. 


The Coal Areas map, prepared by J. A. Allan in 1923, and 
included in Report No. 10 of the enageaeal has been slightly altered. 
New areas were also added to meet the requirements “of the Chief 
Inspector of Mines, who has adopted the coal areas for Mine 
Inspection districts. Details of these changes are given by Dr. 
Allan in the appendix to this report. 

The only additional material acquired for the museum during 
the year consisted of :— 

(1) Crude petroleum, from British Petroleum Well No. 4 at 
Wainwright. 

(2) A suite of china clays and porcelain wares, in the different 


stages of manufacture, from Dr. J. W. Mellor, Stoke-on-Trent, 
England. 
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ROAD MATERIALS 


A heavy programme of work was undertaken during the year. 
During the early months, laboratory tests were made on McMurray 
bitumen, and on Wainwright and other crude oils. These mainly 
consisted of distillation and refining tests, and determinations of 
the physical properties of the products. 


A field party under S. M. Blair spent four months studying 
occurrences of bituminous sand on the Athabaska river and _ its 
tributaries. This investigation had as its primary object a study 
of the economic features of the deposits, particularly with reference 
to the feasibility and probable cost of commercial development. 
Thirty-five representative exposures were examined in detail, a 
shaft was sunk 45 feet through a deposit, and some 250 samples 
were collected for analysis. 


A bituminous sand separation plant was designed, constructed, 
and operated under the immediate charge of W. G. Jewitt. The 
design was based on that of the small plant successfully operated 
the previous year at the University. The old plant could treat half 
a ton of sand per hour for short periods, whilst the new plant was 
designed for steady operation and to treat one ton per hour. The 
site selected was the Dunvegan Yards of the E.D. & B.C. Ry. in 
Edmonton. Many new difficulties were encountered in the larger 
scale operation, but 100 tons of sand were sent through the plant 
before the approach of winter necessitated stopping work. This 
plant will be reopened as early as possible in 1925. 


The chemical laboratories were kept busy during the: summer 
and autumn analysing the samples sent in by the field party and 
samples from the separation plant. 


The experimental road laid down in 1923 came through the 
winter in good condition, although, owing to its short length and 
narrow width, much dirt was carried onto the treated surface from 
the untreated road. This work will be continued on a larger scale 
in 1925, with improvements suggested by the results of the earlier 
experiment. 


Further particulars of the field work and of the separation 
plant will be found in the appendix. 


FOREST PRODUCTS 


The work outlined in the 1923 report was continued during the 
year by Professor R .S. L. Wilson. Tests are in progress on the 
suitability of lodge pole pine for mine timber under varied con- 
ditions, and many results have already been compiled. Further 
particulars of this work will be found in the appendix, but as it 
will take several years to complete any series of tests, it is not yet 
possible to publish any conclusions. 
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MISCELLANEOUS 


J. A. Allan, N. C. Pitcher, and E. Stansfield visited coal mines 
at Nordegg and in the Drumheller valley in May, in company with 
some of the Mining Engineering students of the University. 


Two papers were presented to the Western Annual Meeting of 
the Canadian Institute of Mining and Metallurgy, held at Blair- 
more in Alberta: “Characteristics of Alberta Coals,” by Edgar 
Stansfield; and “Some Coal-Seam Correlation Problems in Al- 
berta,” by R. L. Rutherford. 


K. A. Clark visited Lethbridge and Great Falls, Montana, 
studying oiled road construction methods. 


ACKNOWLEDGMENTS 


The Canadian Dinant Coal Co., Ltd., Dinant, contributed a 
carload of coal. Messrs. J. and A. Dunn, of the Great West Coal 
Co., Ltd., continued to provide facilities for timber testing at the 
mine. Courtesies were extended by many operators to our visiting 
representatives. 
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FUELS 


By E. Sransriztp and R. T. Hotttss. 


Prof. N. C. Pitcher, Chief Mining Engineer, assisted with 
suggestions and advice with most of the work described. 


W. P. Campbell, Fuel Analyst, made all coal analyses reported, 
and carried out some laboratory investig gations referred to. 


W. L. McDonald, F. LL. Grindley, and W. A. Lang each assisted 
in briquetting work for part of the year. 


CoaLs TESTED 


One carload sample of coal was received, donated by the oper- 
ator. Two batches of samples were also submitted by the operators 
for special tests. These were as follows :— 


Camrose Area:— 
Canadian Dinant Coal Co., Ltd., Dinant, Alta.—1 carload. 


Nordegg Area:— 
Brazeau Collieries, Litd., Nordegg, Alta.—sample consignment. 


Crowsnest Area:— 
West Canadian Colheries, Ltd., Blairmore, Alta.—sample con- 
slgnment. 


Provincial Inspectors of Mines submitted 178 coal and 7 coal 
dust samples for analysis. In addition 45 coal samples were 
analysed in connection with the season’s work of the Geological 
Division. Many analyses were made in connection with the reg rular 
work of the Fuels Division, but no count is kept of these. 


SAMPLING AND ANALYSIS 


No change in method was adopted during the year. In respect 
to the determination of volatile matter, the quick heating method 
is used for bituminous coals, and the slow heating method for 
sub-bituminous and lignitic coals, as already described. Some 
doubt, however, often arose as to the method to be employed with 
border line coals. It was decided, from experience gained, that 
the slow heating method should always be used for any coal which 
retains more than 10% moisture after standard air drying. 


A suggestion has been made that certain high volatile coals, 
such as those from the Drumheller field, lose not only moisture but 
also volatile matter when heated in the drying oven. This point 
had been checked in the past, by different experimenters, with 
coals from various parts of the world; but tests were also made in 
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these laboratories with Drumheller coal. The previous work was 
confirmed, and the accuracy of the method confirmed, as it was 
found that the loss of volatile matter was negligible. 


Natural gas is now used instead of carbon dioxide to pass 
through the drying oven when drying coals. This is merely for 
convenience and economy, and does not in any way affect the 
result. 


GENERAL CHARACTERISTICS OF ALBERTA COAL 


A study of the many hundred available analyses of Alberta 
coals was begun this year. A preliminary report on this work 
was presented to the Western Annual Meeting of the Canadian 
Institute on Mining and Metallurgy in October by E. Stansfield. 
A further report will be given at the Annual Meeting of the 
Institute in March, 1925, and will be published in the Bulletin 
of the Institute. 


ScREENING 


The following information is the result of the screening on 
Dinant Coal. It may be added to Tables I., IJ., IIJ., and IV. of 
the Fourth Annual Report, pages 18 to 21. 


Proportions of sizes in run of mine coal, on screening the car 
load sample, were found to be: Lump, 51%; Egg, 20%; Nut, 10%; 
Pea, 12%; Dust, 7%. A comparison of the ash contents of the 
different sizes of the coal (the calculated average content of all 
sizes being taken as 100) is: Lump, 79; Egg, 84; Nut, 107; Pea, 
136; Dust, 226. ‘The analyses of the different sizes of the screened 
coal showed at the proportion of the total ash in each size was: 
Lump, 40%; Egg, 16%; Nut, 11%; Pea, 16%; and Dust, 17%. 
The equivalent spacings for bar screens, as found for this one 
sample of Camrose Area coal are 30, 21, 16, 12, 9 and 3 sixteenths 
of an inch bar screen spacings, respectively equivalent to 3, 2, 
114, 1, 84 and 14 inch diameter circular perforations. These figures 
closely approximate those for the Pembina area, given in Table IV. 
of the Fourth Annual Report on page 21. 


STORAGE 


During the year one fresh sample of coal was placed in storage. 
Two batches were tested after completion of two years in storage, 
and several batches after shorter periods. No change will be made 
this year in the table of deterioration given on page 22 of the last 
years report, but it might be added that the corresponding figures 
for shed storage are approximately half those for open storage. 
These values refer to physical deterioration. Some interesting 
results are being obtained with regard to loss of heat value during 
storage. 


Comparative figures were obtained of the calorific value of 
Drumheller coal: fresh, after one and two years open storage, and 
after two years shed storage. In each case a series of samples of 
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widely varying ash content was prepared by means of heavy solu- 
tions. The results are shown graphically in Figure 1. 


The comparison curve, its origin and meaning, are explained in 
the Third Annual Report (Report. No. 8) on pages 29 to 31, and 
Figure 4 of that report gave the curve for freshly mined Drum- 
heller coal. This line is repeated in Figure 1, and shows the re- 
markable fact that even after two years storage the calorific value 
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Figure 1.—Comparison Curve, Drumheller Coal, Stored. 


of the coal substance has not materially changed. This does not 
indicate that no heat loss or depreciation has taken place during 
storage. Coal of this nature slowly absorbs oxygen when exposed 
to the air, and thus gains in weight. Later, chemical changes take 
place in the coal substance whereby water and possibly carbon 
dioxide are formed and liberated. The final weight of dry coal 
may then be less than the original weight. These reactions all 
generate heat, which is lost, so that although the heat value of 
unit weight coal substance may be unchanged or even increased, 
the total available heat from the whole mass of stored coal is 
undoubtedly less after storage.. The heat generated during the 
reactions described above is the heat which, under suitable condi- 
tions, causes spontaneous combustion in storage piles. 


Similar comparison curves are to be prepared for all coals now 
In storage. 
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Domestic FuRNACES 


The following additional equipment was obtained during the 
year:—A_ Leeds “and Northrup duplex recording pyrometer for 
recording flue temperatures; two low temperature recording ther- 
mometers in exchange for high temperature instruments previously 
used for flue temperatures: two Bristol recording thermometers, 
one for outside and one for house temperatures; two water tanks of 
120 gallons capacity for use with calorimeter; one constant head 
water regulating tank for the same; one electric resistance heater of 
20 k.w. capacity. A Uehling CO, machine and recorder, and a 
1314 inch Wing exhauster fan were ordered, but not received in 
time for use during the year. 


The resistance heater was a three-phase, 20 k.w. heater designed 
and constructed to fit inside the firebox of either the Sunshine 
or the Gurney furnace. ‘This was not easy, as one was round and 
deep, and the other rectangular and shallow, but the difficulties 
were finally surmounted. Some 22 pounds of nichrome ribbon 
were used in its construction, wound round porcelain knobs mounted 
on an iron frame. It gives out some 68,000 B.T.U. per hour, which 
is approximately equivalent to the useful heat given out by burning 
Edmonton coal at the rate of 200 pounds per day. The current 
consumed was measured by means of an 80 ampere, 220 volt, three- 
phase wattmeter loaned by the City of Edmonton. 


It was noted in the last annual report that the equipment on 
hand permitted simultaneous tests on a hot water and a hot air 
furnace. This was tried out a number of times early in the year 
with fair success; but with the installation of a calorimeter on the 
hot air furnace flue, with the necessary extra instruments, the 
work became too complicated to permit more than one furnace 
being tested at a time. 


The extra calorimeter used on the flue was the original one 
described on page 23 of the Third Annual Report (Report No. 8), 
and as it required a separate supply of water, another water 
meter or some other device was necessary for its measurement. It 
was found that the type of water meter used was not as accurate 
at the slow speeds required for the calorimeters as was desired, 
so it was arranged to collect and weigh the water at intervals 
during the trial. The water for the calorimeters was piped from 
the main to a float valve tank on the wall. This tank was placed 
11 feet above the discharges from the calorimeters to the 120 gallon 
receiving tanks. Each calorimeter was separately connected to the 
constant level tank, with needle valves on the inlet water lines to 
permit a fine regulation, and constant flow of water for each 
calorimeter as desired. The discharge from each calorimeter was 
connected to its respective receiving ‘tank of 120 gallons capacity. 
These tanks were put on brackets on the wall, high enough up to 
permit a weighing tank on the platform scales being placed be- 
neath, and were each provided with a 2” pipe and valve outlet at 
the bottom. An 80 gallon tank with a 2” outlet pipe and valve 
“he provided to catch and weigh the water from either receiving 
tank. 
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A summary of the work of testing for the year is as follows :— 
Gurney Furnace—11 tests totalling 491 hours with coal firing, and 
7 tests totalling 56 hours with electric heating; Sunshine Furnace 
—b} tests totalling 266 hours, with coal firing. 


Gurney Furnace 


The test work during the year on this No. 908 Gurney Cottage 
boiler was divided into three main parts:—(1) Comparative tests 
with and without Robb Coal Carburetor. (2) Determination of 
increased efficiency made possible by change from firing three 
times to firing 24 times, per 24 hours. (38) Determination of 
furnace radiation losses and of the accuracy of the flue calori- 
meter by tests made with electric heating. 


1.—The work of testing the Robb Coal Carburetor was com- 
pleted and reported during the year. A summary of the report 
is given below. The Robb Coal Carburetor is an attachment to 
be bolted to the inside of a furnace door. It is designed to admit 
a regulated supply of air through the furnace door and project it 
in small jets over the fire. It has external ribs which absorb heat 
from the fire, and this heat is transmitted, with the assistance of 
internal baffles, to the air passing through. The object of the 
device is to improve combustion by forcing hot air into the mass 
of burning gases. 


Figure 2 is a rough sectional sketch of the apparatus. This 
consists of a single iron casting, with a flange which is bolted to 
the inside of the furnace door. The ribs R, top and bottom, give 
a large heat absorbing surface. The air passes through an ordinary 
circular regulator on the outside of the furnace door and enters 
the casting at A. It travels in a sinuous course past the baffles 
B, and passes out, heated, into the fire box through the orifices at 
O. <A No. 6B size was used, which is 614” in length from A to O, 
and 614” wide at O. There are ten rectangular orifices, 3/16” 
wide. ‘Tests were carried out with this attachment on a Gurney 
Cottage boiler No. 908, with a 12” by 30” grate. In the installation 
and operation, the instructions supplied with the appliance were 
given due attention. 


Fourteen test runs 
were made with the 
Carburetor attached, 
and 15 duplicate tests 
were made with the re- 
gular furnace door 
damper only. The 29 
tests lasted 889 hours 
in all. Thirteen of 
these tests were full 
quantitative runs, while 
the remainder were 
preliminary runs and 
special runs for a study 
of the combustion 
gases. Figure 2.—Robb Coal Carburetor 
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All but two of the quantitative tests were carried out under 
running conditions which could and should be employed regularly 
by the “ordinary house-holder. No attempt was made in these 11 
tests to attain the maximum possible efficiency with the furnace 
by means of constant attention and adjustment, which is normally 
impracticable. This is in accordance with the established policy 
of tests carried out in this’ laboratory. 


Two tests, however, each of 72 hours duration, were carried out 
with frequent firing ‘and almost constant attention in order to 
ascertain what efficiency could be attained under these special 
conditions. In these tests a charge of 10 Ibs. of coal was fired 
every hour. The firing was alternately to the left and the right 
side of the grates, and the drafts were adjusted at intervals as was’ 
found best to give a steady rate of combustion and a good flue 
gas. One of these tests was made with the Robb Coal Carburetor 
attached, and the other with the regular furnace door damper. 


The tests made under ordinary conditions of household practice 
showed a slightly increased efficiency with the attachment. They 
also showed that shght changes in the firing of the coal and in 
the general condition of the fire may have as much effect on the 
flue. gas composition, and therefore on the efficiency of the fur- 
nace, as changes in equipment. However, the average thermal 
efficiency of five tests with the Carburetor was 57 1%, while the 
average efficiency of six duplicate tests with the normal equip- 
ment was 53%. In no single case was the efficiency with the 
Carburetor the lesser. The flue analyses were on the whole much 
the same in the two series, but the average percentage of carbon 
monoxide was lower with the heated air jets. 


These tests, therefore, were distinctly favorable to the Car- 
buretor, but 1t was recognized that it was still possible that the 
apparent advantages were really due to some inadvertent difference 
in firing conditions. Two duplicate tests, each of 72 hours dura- 
tion, were then carried out with frequent firing and almost constant 
attention, to ascertain the higher efficiency thus obtainable. These 
tests again showed that the efficiency of combustion was very 
susceptible to even small changes in treatment of the fire, damper 
settings, weather, etc., but once more showed the advantage to rest 
with the Carburetor. The principal results are summarized below. 


Robb Coal Regular 
Carburetor Equipment 


RCT TIGIOIOY so sicek Wee eee Ue toe aati ia 64 59 

Carbot. GIOXIGe Ie teal Asma. sn. sa. ces Jo dles 1071. 
ROS POLI. Wea cer ee nsee tf tena eee eee ateneieetintss Jo 8.5 9.8 
(CAT OOT IN ONO Clee iter scsoetnac sates To 0.3 0.3 


2.—The maximum efficiency obtained with the Gurney furnace 
and normal equipment was 54.6% when fired three times daily as 
in regular household practice. When fired every hour, as de- 
scribed wapree-06, the efficiency was 59.3% —an increase of 4.7%. 
With the special equipment referred to in the previous section, a 
corresponding increase of 4.4% was obtained. This indicates the 
economy that might be gained by automatic stoking. 
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3.—The electric heater described on page 19 was first installed 
in the Gurney furnace, and was used to test out the accuracy of 
the flue calorimeter employed. It also allowed determinations 
to be made of the radiation losses. Both the furnace and calori- 
meter were covered with at least 114” of asbestocel and asbestos 
cement insulation. The method of conducting a test with the 
electric heater was as follows:— 


The water flow through the furnace was adjusted to about 
400 lbs. per hour, and the flue calorimeter water flow to about 
180 lbs. per hour. The electric current was turned on at 7 a.m., 
and by 9 a.m., when the test started, the temperatures in the water 
outlets and the flue would be constant. The test lasted for 8 
hours. The total heat generated in the furnace was calculated 
from the wattmeter readings. The useful heat transmitted to the 
water of the furnace was determined by multiplying the total 
amount of water passing through by its average rise in tempera- 
ture. The amount of heat lost up the flue was calculated as 
indicated on page 22 of the Third Annual Report (Report No. 8), 
1922. The radiation losses were obtained by subtracting from the 
total heat the sum of the useful heat and the heat lost up the flue. 


A series of tests was carried out with increasing proportions of 
the heat going up the flue, this end being attained simply by 
increasing the size of draft opening, and the setting of the butterfly 
pipe damper. The results obtained are summarized in Table I. 
It was to be expected that radiation losses would be higher when 
the temperature of the water in the furnace was higher, also that 
these losses would increase as more heat was allowed to pass up 
the flue and thus increase radiation from the flue calorimeter. The 
results shown conform to these expectations. The regularity of 
the results is a strong indication that the flue calorimeter did 
correctly measure the heat passing up the flue. 


Taste I.—RapratTion Loss wirn Exvecrric HEAtTer on 
GURNEY Corrace BoILer 


Useful Heat Waste Heat Radiation Loss | Temp. of Water 


Test No. in Hot Water, Up Flue, (by difference),| Leaving Boiler, 

% of input % of input % of input oF, 
Gone pees 94 3 | 3 | 181 
CO OMI Res 88 9 3 LS 
(Gad eee 82 15 | 3 | 167 
Ch tee 79 15 | 6 195 
Gie5 ae ee 69 26 5 | 171 
CES6 pees 62 32 | 6 | 161 


At the conclusion of the above tests a survey of temperature 
across the calorimeter inlet and outlet was made. It showed that 
a heavy iron-constantan thermocouple, with a fringe of fine wire 
attached, placed horizontally two-thirds of the distance across the 
stream of gases, gave the average temperature of those gases within 
I to 2%. 
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Sunshine Hot-Air Furnace 


This is a “Sunshine” No. 91; trade name, “Sofco.” Work was 
chiefly confined to an examination in a new way of the data 
obtained in five runs of over 50 hours each. These runs were made 
with calorimeters on both the hot air and flue ducts. 


After consultation with Prof. I. F. Morrison, the method of 
calculating the results of tests was modified, and a graphical 
method of their presentation was developed. The result was that 
several new points were brought out. In order to check these 
measurements, it was necessary to devise some means of main- 
taining an even temperature in the furnace over a period of at 
least one or two hours. An electric heater was selected as offering 
the most satisfactory control, and was therefore constructed as 
described on page 19. The results of the first tests on the air 
calorimeter were not as good as those obtained with the flue 
calorimeter, and further changes in the former were made at the 
end of the year in consequence. These changes are designed to 
ensure a far higher degree of accuracy in the measurements of the 
temperatures of currents of heated gases. It has long been recog- 
nized that such measurements are extremely difficult. The higher 
relative accuracy of the flue calorimeter was due to the smaller 
bulk of gases to be handled, and their higher temperature. It is 
considered that the electric heater has well justified its cost even 
in the short time that it has been in use. 


Smitrnuy TESTS 


One coal was tested during the year. The method of testing 
described in previous reports (Third Annual Report, 1922, p. 27; 
Fourth Annual: Report, 1923, p. 26) was used in this test. 


The coal was a sample of smithy coal from the new air washing 
plant of the Greenhill Mine (West Canadian Collieries, Ltd.) at 
Blairmore, Alta. 


This plant is the first of its kind in Canada*, which adds 
interest to the tests. 


The summary of results is as follows:—About 25 lbs. of coal 
were burned, and only a small amount of ash and clinker was 
removed in the cleaning operations. All the test operations were 
carried out successfully, and the coal burned with a short flame 
that had but slight effect on the blacksmith. It formed a good 
arch on coking, was quick to heat up, and wasted little coal when 
not in use between operations. There was no trouble from ash, 
clinker, or dirty fire, and all welds were easily and quickly made. 


*Vissac, G. A.: “Dry Cleaning Plant of the Greenhill Mine of the 
West Canadian Collieries, Ltd., Blairmore, Alta.”, Bulletin, C.I.M. & M., 
Oct. 1924," p. 643. 
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RESIDENCE HEATING 


Tests were made in an Edmonton residence in January and 
December. This is a one and one-half story, frame house, approxi- 
mately 24 by 36 feet, outside dimensions. The choice of this house 
was a fortunate one, as at the time of the first tests it was heated 
with a 20-inch round pot Canadian Warmer hot air furnace. 
Before the later tests, this was changed to a No. 220 Eskimo com- 
bination hot-air furnace for coal or gas, with a 17” by 22” fire box, 
18” high, for coal burning, and four burners for use with natural 
gas. 


The tests with the latter furnace, using both coal and gas, were 
not completed in 1924, so a full analysis and comparisons of the 
tests can not be made until the 1925 report. A summary of the 
results of the earher tests are given, as these show interesting 
indications of the variations in fuel requirements with changing 
weather conditions. Coal was burned in the furnace, in a laundry 
jacket heater in the kitchen, and in an open grate in the living 
room. ‘The chimney and hot air duct temperatures were taken by 
means of recording thermometers. These results may not be ac- 
curate on account of difficulties already referred to, but at least 
offer good comparisons. The house temperature was also taken 
by a recording thermometer, but the outside mean temperature was 
estimated from figures supplied by the weather bureau. The days 
for test purposes were taken from 6 a.m. to 6 a.m. 


The ashes were removed daily from the furnace, and weighed ; 
the ashes from the supplementary heaters were not weighed. A 
record was kept of the water evaporated in the furnace water pan. 


Table II. shows the daily results in summarised form, whilst 
Figure 3 shows graphically the coal burned and the temperatures 
attained, plotted against the mean difference in temperature be- 
tween the house and outside. 


Table III. gives the analysis of the coal burned. 


Tas_e III.—ANALYSIS oF CoAL In Houss-Heratine TEsts 
or JANUARY, 1924. 


Moisture: <a. siess ce SSSA a ROT he Ree RRR ES Me a 2. % 15.6 
AST Ge 0 Bre Re Neo Cd Ra a Bae Jo 12:2 
V olatile.s Mattern cette eee te een %o 27.0 
Pied \ Cart ie eatiese te eon hee % 45.2 
Caloriiic® Value. cre hese sees nee Bit.U., “per=ib. 9,570 


It might be stated at this time that the results with the Eskimo 
furnace showed that the larger fire pot enabled a far steadier house 
temperature to be maintained with coal firing. With natural gas 
firing, a steady house temperature could be easily maintained. 
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Figure 3.—House-heating Tests, January, 1924 
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Dr-AsiIng oF CoAL 


During the vear some samples of sized bituminous coal were 
tested, without crushing, for ash reduction, by means of heavy 
solutions of calcium nitrate. 


As the method of making these tests for the coarser sizes of 
coal had not been previously worked out, a brief description of it 
is given below. An apparatus was constructed capable of handling 
coal up to 114” sizes. The samples were divided into three equal 
parts by riffling or otherwise. One part was used with each of 
the two heavy solutions employed, and the third part used for ash 
and moisture determinations. 


The sample to be treated was first weighed, then placed in a 
3-gallon separation tank. This tank is of the same design as the 
centrifuge cups described in the Third Annual Report (1922). It 
is too heavy, however, for centrifuging, and-the separation was 
effected by standing. The sample was first stirred well in the solu- 
tion before the separation cone was placed in, and was then left to 
stand. After settling for at least four hours, the valve was screwed 
down tight, and the float thus sealed off from the sink. The floats 
and sinks were separated from the solution on a filter, washed free 
of the calcium nitrate, dried and weighed. The filtering was done 
by means of a 10” diameter 114-gallon capacity filter funnel speci- 
ally made for the purpose. This funnel has an inner cylinder with 
a 30-mesh copper bottom to hold the bulk of the coal and to 
protect the filter paper. Drying was done first on a large sand 
bath, and finished by air drying in the laboratory for a day. The 
samples were then crushed, ground, and analyzed for ash and 
moisture in the usual way. 


Before deciding on the specific gravities of the two solutions 
to be used in the tests, small scale heavy solution runs were made, 
and a comparison curve* obtained. Study of these data indicates 
the most suitable specific gravities for the solutions in order to 
obtain the most information regarding the de-ashing of the coal, 
with the minimum of work. Table IV. (next page) contains the 
results in condensed form. of the above tests. 


The results are a good indication of the amount of cleaning 
attainable in washing processes, but of course are better than can 
be expected in commercial practice. The high ash content of some 
of the bituminous coals of the province is a source of trouble, and 
one of the needs of the coal industry is a study of the possibilities 
of ash reduction. 


*Third Annual Report, S. & I. R. C. A., 1922, pages 29 to 31. 
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BRIQUETTING 


Real progress has been made with the briquetting investigation, 
but the problems involved are very difficult, and the work has not 
vet reached the point where a comprehensive report can be made. 
This report supplements that of the previous year, in which the 
apparatus was described, and methods and results indicated. 


During the vear 225 batches of briquettes were made—or 384 
since the commencement of the work. Classified by coals, these 
are: bituminous, 154; sub-bituminous, 190; and carbonized lignite, 
40. Classified by binders: soft coal tar pitch, 185; hard coal tar 
pitch, 17; hgnite tar pitch, 18; oil asphalt, 17; miscellaneous and 
mixed binders, 147. 


The normal procedure of a test has developed to be as follows :— 
The coal is crushed to the desired size, and its screen analysis deter- 
mined with Tyler standard screens in a shaking machine. In some 
cases coal of a desired screen analysis is prepared by mixing 
together the desired weights of each size of coal. A weighed 
quantity of coal (usually 8 kg.) is then placed in the steam- 
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jacketted mixer, where it is mixed and heated. The binder or 
binders are added, also water if desired, in weighed amounts and 
in the order arranged. Mixing is continued usually for two or 
three minutes, and the temperature raised to the required degree. 
The temperature is measured by a thermometer immersed in oil in 
a guard tube which projects into the mass mixed. The charge is 
then dumped into a suitable box, and hand-fed to the press at the 
rate required to make a standard-sized briquette each stroke. 
Hand-feeding the press direct from the mixer, rather than through 
the fluxer with its mechanical discharge, has been found to enable 
a more accurate determination of the temperature at the press, 
and to give a more uniform size of briquette. It was found, also, 
that the abrasion of the binder-coated particles in the fluxer ex- 
posed fresh and uncoated surfaces which materially reduced the 
quality of the briquette. Records are kept of the mixture made, 
order of mixing, time of mixing, temperature at each stage, and 
particularly the temperature of the mix as it goes to the press, 
also of any special points observed during the mixing and the 
behaviour of the mix in the press. Immediately after pressing a 
small sample of the briquettes is taken and weighed, and the 
moisture lost during air-drying and the moisture retained after 
air-drying determined. When the bulk of the briquettes have air- 
dried to normal conditions (one week usually suffices for this) 
samples are tested in the rattler machine for abrasion loss, in a 
furnace to determine firing qualities, and in the laboratory to 
determine real and apparent specific gravity and also porosity. 
In some cases a sample is exposed to the weather for a few months 
and then tested in the rattler for comparison with the rattler 
results on the original briquettes. Briquettes are regarded as 
satisfactory when the tests indicate that they can be handled and 
shipped without serious abrasion losses, will burn well in the fire 
without falling to pieces, and can be stored exposed to the weather 
without notable deterioration. 


During the year the 10 h.p. motor was replaced by a 15 h.p. 
motor, and a new and stronger spring was used with the press. 
This spring had been calibrated in the Civil Engineering labora- 
tories by Prof. R. 8S. LL. Wilson. These changes enabled shghtly 
higher pressures to be used in briquetting. Partly due to the 
higher pressures employed and partly to improved technique, many 
batches of briquettes were made during the year which showed 
less than 10% rattler loss. One of these was made with lignite 
pitch, a few were made with asphalt, and the rest with mixed 
binders. A briquette, otherwise satisfactory, that does not lose 
more than 20% in the rattler test 1s regarded as strong enough 
to be handled and shipped. 


A large number of mixed binders were tested during the year. 
In earlier work, mixtures of pitch and asphalt appeared to be very 
unsatisfactory, but good briquettes have now been made with 
several different mixtures of these. Mixing waterglass with pitch 
makes the latter emulsify easily with water, and forms a tough, 
leathery product which was expected to make a good binder. 
Actually, addition of waterglass to any type of binder lowered the 
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qualities of the briquette produced, probably because the binder 
then does not adhere well to the coal. Bentonite and other clays 
are similar to waterglass in this respect. 


Straw, sawdust, flour, starch and oatmeal were all tried as 
binders, and were all found to have good binding properties. The 
two first required to be converted to a jelly-like mass before use. 
This can be done in several ways, but most readily by cooking with 
a dilute solution of caustic soda in an autoclave and then pulping 
in a ball mill. The fibres of straw or wood, as such, appear to be 
valueless; as the more completely these are pulped, the better the 
result. The temperature of cooking can be varied over a con- 
siderable range, but 180°C. gives rapid treatment without charring 
the material. The flour, starch, and oatmeal can be converted into 
paste by water and heat during the mixing process. These jellies 
and pastes are not satisfactory alone, as they are not waterproof, 
but if pitch or asphalt is added, they make strong briquettes which 
are less smoky in the fire than briquettes made with pitch or 
asphalt alone. This type of briquette, however, has not the 
weather-resisting qualities of the regular pitch or asphalt briquette. 


Sulphite pitch was tried alone and in mixtures, but as this 
binder is not as yet available for use in Alberta at a reasonable 
cost, only a few trial batches were made. 


Considerable work has been done with regard to the effect of 
water in the mixture when briquetting, and some very interesting 
results obtained. Good briquettes can be made without any water, 
but a serious difficulty is the tendency of a dry mixture to adhere 
to the plungers of the press. The best results were obtained with 
sub-bituminous coal when the mixture going to the press contained 
about 5% of moisture; and it is immaterial whether this water is 
added before or after the binder, except with regard to tempera- 
ture control. The hotter the batch during the mixing stage, the 
more fluid the binder, and the less time and power are required 
to give thorough mixing. On the other hand, if there is to be free 
water in the batch at the press, the temperature there can not 
exceed 100°C. A simple and satisfactory method appears to be to 
mix at a temperature slightly above 100°C., and then add enough 
water to give 5% in the mixture as it goes to the press, and to cool 
the mixture to about 95°C. It should be stated, however, that many 
contradictory results have been noted from time to time, and the 
effect of water in briquetting is receiving further study. 


Sub-bituminous coal can be briquetted to give a strong briquette, 
but such briquettes do not stand up well when they are thrown 
into a hot fire. The addition of a small amount of finely-ground 
coking bituminous coal markedly improves their quality in this 
respect. 


Progress has been made with the study of the physical proper- 
ties of the binders. Much time, however, has been spent in devising 
suitable tests and constructing the necessary apparatus, so that the 
work is not yet ready to be reported. 
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Work in 1925 prior to going to the press has included many 
tests with asphalt as binder. Excellent briquettes have been made 
with sub-bituminous coal with the addition of 10% of bituminous 
coal and 6% or less of asphalt. There do not now appear to be 
any serious technical obstacles to prevent briquetting sub- 
bituminous coal on a commercial scale, whilst the economic possi- 
bilities of such an undertaking appear very hopeful. 


Special attention was given during the year to sub-bituminous 
coal for two reasons:—First, because little was known about the 
behaviour of such coal when briquetted; and second, because the 
only fine coals in the province which can not be marketed at 
present without treatment are of this grade. 
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GEOLOGICAL INVESTIGATIONS DURING 1924 
By JOHN A. ALLAN 


INTRODUCTION 


During the first five months of the year the data obtained in 
the field were compiled, and a geological map prepared. Con- 
siderable time was spent editing and distributing the 1923 report 
and the accompanying map. This is Report No. 9, entitled 
“Geology along the Blackstone, Brazeau, and Pembina Rivers in 
the Foothills Belt, Alberta.” 


The writer was assisted in the office by Dr. R. L. Rutherford 
and Miss Marjorie Walker. During the last three months of the 
year Dr. P. S. Warren rendered valuable assistance by determining 
the ee material collected during the field seasons of 
1923 and 1924. L. S. Russell gave assistance in the drafting room. 


Correspondence increased over the previous year. The writer 
received and sent out 1,299 letters, many of which dealt with more 
or less extensive information on various mineral deposits, especially 
coal, oil, gas, clay, iron, phosphate, gypsum, placer gold, and 
platinum. 


Over one hundred specimens were received that required exam- 
ination—in some cases tests that required several hours. Al 
samples that required chemical analyses or assays were forwarded 
to Mr. J. A. Kelso, Director of Industrial Laboratories, at the 
University of Alberta. When clays were sent in that required 
extensive fire tests, the senders were recommended to forward 
samples to the Mines Branch, Ottawa, because the Industrial 
Research Laboratories were not yet equipped with apparatus for 
detailed testing of clays. 


Two field parties were directed by the writer, and over 7,000 
square miles were surveyed geologically. One party, with Dr. R. 
L. Rutherford in charge, continued the foothills sur vey started in 
1922. The second party, with J. O. G. Sanderson in charge, made 
an areal survey on the plains along the ie Deer valley. This was 
a continuation of the survey of the Drumheller coal basin made 
in 1921. A summary of the results obtained in these field surveys 
is given below. 


The visit of the British Association for the Advancement of 
Science to Edmonton in August necessitated some preparation on 
the part of the writer, as a technical session of the Geology section 
was held at the University of Alberta. The writer considered the 
visit of scientists of sufficient import ance to have Dr. Rutherford 
and Mr. Sanderson attend the session in Edmonton. 
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One week was spent in south-eastern and southern Alberta with 
the Soils Survey party, correlating soil types with the surface 
geology. A short outline of this work ig given in another part of 
this report. In addition to visiting the survey parties in the field, 
the writer investigated alum deposits on Smoky river and placer 
gold on Athabaska river. The results obtained are summarized 
below. 


The writer spent some time during the year on the extension 
of the geological classification of coal in Alberta by areas, and on 
the geological map of Alberta which is being prepared. 


At the request of the Royal Canadian Air Force, the writer 
made a flight with Flying Officer A. A. Carter on October 18th 
from Eckville west towards the Saskatchewan river north of Rocky 
Mountain House. The object of this flight was to determine if it 
were possible for a geologist to distinguish between rock outcrops 
and unconsolidated sand or eravel, from an aeroplane at an alti- 
tude of about 2,500 feet. The observations proved that in most 
cases this distinction could be made. The advantage of the 
aeroplane in determining the geographical position of rock out- 
crops where rock exposures are few cannot be doubted. Aerial 
photographs are of very great service to the geologist in facilitating 
the ground survey work, and much time can be saved by having 
the country photographed from the aeroplane prior to making the 
geological survey. 


The writer wishes to extend his thanks to officials of the Royal 
Canadian Air Force for the accommodation and consideration 
given him in making these experimental observations. 


The writer wishes to record the fact that as a result of a request 
to the Hon. Charles Stewart, Minister of the Interior, aeroplane 
photographs have been taken by the Royal Canadian Air Force in 
June, 1925, along the North Saskatchewan River upstream from 
Edmonton, for the use of the Alberta Geological Survey in survey- 
ing the river section in 1925 between Rocky Mountain House and 
Edmonton. 


GEOLOGICAL SuRVEY OF Fooruitts Bett Berween McLerop 
AND ATHABASKA RIVERS 


During the past three years field geological investigations have 
been carried on in the foothills of central Alberta. Up to date about 
3,000 miles have been mapped geologically, and a belt. from North 
Saskatchewan river to Athabaska river has been surveyed. The 
distributions of the coal-bearing formations and associated forma- 
tions have been mapped. The positions of the coal horizons and 
the structure within this belt have been determined. On account 
of the scarcity of outcrops, and the heavy mantle of vegetation, it 
is a difficult part of the province to survey geologically. Much 
credit is due to Dr. R. Li. Rutherford, who has had charge of the 
field surveys, for the results he has been able to obtain under such 
adverse conditions. It has only been by mapping and correlating 
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the exposures along the drainage courses, both small and large, 
that it has been possible to connect up the structure in the inter- 
stream areas. 


Report No. 6 deals largely with the Saunders Creek coal area 
and part of the Nordegg area; Report No. 9 with the remainder 
of the Nordegg area and southern part of the Coalspur coal area; 
and Report No. 11 deals with the results obtained in the 
field by Dr. Rutherford in 1924, and includes part of 
the Coalspur coal area and that partof Prairie Creek coal 
area south of Athabaska river. The area covered by Report No. 11 
les between McLeod and Athabaska rivers in the foothills, and 
comprises approximately 600 square miles. The report is entitled 
“Geology of the Foothills Belt between McLeod and Athabaska 
Rivers, Alberta.” The map accompanying the report (Map No. 
7) is printed in eight colours on a scale of one inch to two miles. 
The topography of the area is indicated by contour lines drawn on 
one hundred foot intervals. The topography of a part of this area 
has been taken from the Cadomin topographical sheet published 
by the Geological Survey of Canada, but the remaining topography 
is based on compass and aneroid control. 


The geological formations of Upper and Lower Cretaceous age 
and the Jurrassic are differentiated in colour, but the older rocks 
have not been subdivided in the discussion of this area. 


The information on which this report is based was obtained in 
the field between May 28th and September 18th, 1924. Dr. R. LL. 
Rutherford was in charge of the party, and he was assisted by L. 
Telfer. The other members of this party were G. Haworth and H. 
Scott. The writer spent a short time with the party at the close 
of the field season. 


The wooded character of the foothills belt and the scarcity of 
exposures make correlation of formations, and especially ef coal 
seams, difficult. 


The identification of geological horizons, the correlation and 
structure of coal seams and associated sediments, have been made 
largely on lthology, as is commonly the practice; but in Upper 
Cretaceous formations, such as those which occur in the foothills 
of Alberta, where there are thousands of feet of beds of brackish 
and fresh water origin of similar hthological composition, correla- 
tion by lithology alone is often unsatisfactory. Lithological 
correlation is especially difficult in such an area as this because of 
the thickening and thinning of the sediments, with new members 
appearing and others disappearing in different locations within 
the area. Rutherford has determined the structure in the foothills 
from rock exposures along the main and tributary streams. 
Horizon markers have been used in carrying along the correlation 
in the interstream areas. When the petrology of the Upper 
Cretaceous sediments in Alberta is more extensively studied, the 
writer is convinced that this information will be valuable in identi- 
fication and correlation of horizons in the coal-bearing formations. 
Close attention is given in the field to the occurrence of fossils, 
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both animals and plants. It is already apparent that paleonto- 
logical evidence will be of value in correlation. All fossil material 
collected in the field has been determined by Dr. P. S. Warren, 
Associate Professor of Geology at the University of Alberta. 


The structure is typical of the foothills, consisting of open and 
broken anticlines, synclines and monoclines, more highly contorted 
towards the southwest, and less disturbed to the northeast. The 
entire map area is within the foothills, with the eastern edge of the 
area mapped representing closely the eastern edge of the foothills. 


In the Kootenay formation the main structure of the coal seams 
has been determined in the vicinity of Cadomin and Luscar. Coal 
seams in this formation have been prospected on the north slope 
of Folding Mountain in the “Drinnan Mine.” The Blue Diamond 
mine at Brule is in the continuation of this belt of Kootenay rocks 
on the west side of Brule lake. 


At Cadomin there appears to be one seam that is repeated three 
times by folding. The thickness of this seam is 22 to 25 feet, but 
folding and faulting of the strata cause local variations in the 
thickness of the seam mined. 


The Luscar mines are less than five miles northwest of Cadomin, 
but the structure is quite different. Four coal seams have been 
recorded at the Luscar mine: 42, 49, 36, and 28 feet in thickness, 
respectively. It is possible that some of these seams represent a 
duplication by faulting and folding. 


The coal seams at Luscar are believed to occur on the eastern 
limb of a syncline, which is faulted against Colorado strata to the 
east. 


Details of structure were not obtained by Rutherford from the 
mines working at Cadomin and Luscar, because these data were 
being compiled by Dr. B. R. MacKay for the Federal Geological 
Survey. 


In 1924 the Cadomin and Luscar Colleries produced about 
220,000 tons of coal. The quality of the coal is bituminous, with 
approximately 3% moisture as mined, 25% volatile matter in the 
former, and 20% in the latter. 


At the Drinnan prospects on Folding mountain, four coal seams 
have been recorded: 12, 10, 12, and 5 feet in thickness, respectively. 
It is known that coal seams occur in the Kootenay within the 
twenty miles between Luscar and the north end of Folding moun- 
tain, and the structural conditions in this area are discussed by Dr. 
Rutherford in Report No. 11. 


Saunders Coal 


An attempt has been made to carry through from Coalspur and 
McLeod river to the Athabaska the correlation of the coal horizons 
in the Saunders formation, as determined between North Saskatch- 
ewan river and Coalspur, and described in Reports Nos. 6 and 9. 
In the vicinity of Brazeau river, five coal horizons have been 
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determined in the Saunders formation, overlying marine Colorado 
strata. These coal horizons are distributed throughout approxi- 
mately 14,000 feet of strata. In the Saunders Creek basin only 
one coal horizon occurs, which is about 250 feet thick.* 


Tield investigations by Rutherford have proved that the number 
of coal horizons decrease northwest from Coalspur, and, further- 
more, there appears to be a rapid decrease in the thickness of the 
coal seams and in the number of coal seams from the northeast to 
southwest across the area represented on Map No. 7. On McLeod 
river, in township 47, range 23, the lower 5,000 feet of strata in 
the Saunders formation are barren of coal seams. Along Atha- 
baska river, west of the mouth of Prairie creek, Rutherford states: 
“There are no seams of commercial thickness or quality in the 
lower 10,000 feet of the Saunders formation.” 


There are three companies mining coal in the area from the 
Saunders formation, namely, Bryan, Balkan, and Saunders Ridge 
(formerly the McLeod River Hard Coal) at Mercoal. The pro- 
duction from these three mines in 1924 amounted to approximately 
46,000 tons. The Yellowhead Coal Co. mines at Coalspur have been 
abandoned since 1923. The coal seam mined at these four locali- 
ties has been correlated as the same seam, but the dip varies with 
the structure. At Balkan. and Bryan mines the strata dip 38 
degrees to the northeast. At Coalspur the dip is 55 degrees to the 
southwest, and the strata are on the west side of a broken anticline. 
Between Coalspur and Mercoal the structure is synclinal, and in 
Saunders Ridge mine the dip is 34 degrees to the northeast. 


The quality of the coal is sub-bituminous, with moisture as 
mined 8 to 11%, and volatile matter 34 to 36%. 


There are two seams in this part of the area, but most of the 
mining is done in No. 2 seam. 


The coal seams worked at the Balkan mine and at Mercoal have 
been traced through to McLeod river, but those seams mined 
Coalspur disappear by faulting in the intervening area between 
Coalspur and McLeod river. 


Coal seams outcropping at the mouth of Teepee creek on Gregg 
river have been correlated with those at Mercoal. 


In the south slope of Athabaska valley, rock outcrops are few, 
vegetation is dense, and unconsolidated sand and gravel deposits: 
are wide-spread: so that if there are commercial coal seams, it will 
be necessary to locate these by prospecting and drilling. There 
are seams of coal on Prairie creek and also on Happy creek, There 
may be other seams east of these, as the structure at the Balkan 
and Bryan mines extends through to the Athabaska, and more ex- 
tensive prospecting may prove ‘the occurrence of coal seams near 
Athabaska river. 


*Allan, J. A.: Geology of Alberta Coal. Trans. Can. Inst. Min. & 
Mets, Violy 28 5.GL025) ap, 298: 
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The top of the Saunders formation has not yet been determined, 
but the field survey in 1925 will extend the correlation of the str ata 
in the foothills belt eastward to the Evansburg coal basin in the 
Pembina coal area, and later with the Edmonton coal area. 


CarBon, Bia VALLEY, AND ARDLEY CoaL AREAS SURVEY 


A second geological survey party was directed by the writer in 
1924 in central Alberta, extending the survey of the Drumheller 
coal area which was made in 1921, and described in detail in Report 
No. 4 of the Scientific & Industrial Research Council of Alberta. 


The field work was carried out by J. O. G. Sanderson, who had 
with him E. Jones and E. Davis as assistants. Approximately 
6,900 square miles of territory were mapped geologically by Mr. 
Sanderson. This area includes the greater part of the Rosebud and 
Red Deer sectional maps issued by the Topographical Survey of 
Canada. It was only possible to traverse such a large area in the 
short field season by using automobile transportation. 


The detailed report on this survey is now being prepared by 
the writer, and will be published as Report No. 13. The area 
mapped includes the mining centres of Carbon, Rosebud, Three- 
hills, Trochu, Big Valley, Ardley and Nevis. 


The objects of this survey were to correlate the coal seams that 
are mined at the various centres within the area, to complete the 
correlation of the Edmonton formation, and to determine the 
relative positions of the various coal seams. The Red Deer river, 
its tributary streams and coulees,~ afford a continuous section 
throughout the entire thickness of the Edmonton formation. The 
top of this formation is exposed at the water level at elevation 
2,595 feet on Red Deer river about 10 miles west of Ardley in 
section 2, township 38, range 25, west of the 4th Meridian; while 
the base of the E dmonton formation is exposed at river level near 
the mouth of Willow creek, about five miles downstream from 
Rosedale in section 12, township 28, range 19, west of the 4th 
Meridian, at an elevation of 2,126 feet. 


In the survey of the Drumheller coal area, the coal seams were 
correlated from the base up to Seam 10. Sanderson was able to 
correlate the coal seams from Seam 10 to the top of the formation 
at Ardley, where the uppermost seam (Seam 14) is mined. 


The complete section of the Edmonton horizon in this part of 
Alberta is 1,224 feet in thickness, with fourteen coal seams, having 
an aggregate thickness of approximately 62 feet. Eight of these 
coal seams are mined today, with an aggregate thickness of 52 feet 
of coal. This does not mean that wherever these coal seams occur 
in this area there will be a uniform thickness of coal of commercial 
quality, because the lateral variation in quality and thickness in 
these coal seams is very great, and all parts of any particular seam 
are not of equal market value. 


The complete section of the Edmonton formation exposed along 
the Red Deer valley between Ardley and Willow cr eek, and 
measured by Ruther ford, Sanderson, and the writer is as follows: = 
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Srecrion oF EnymMontTON ForRMATION IN Rep DEER VALLEY 
FEET DESCRIPTION 


Contact overlain disconformably by Paskapoo 
60 Sandstone and shale 
20 No. 14 seam (Ardley) 


50 Rock 
3 No. 13 seam (Nevis) 
170 Rock 
1 Volcanic tuff 
50 Rock 
5 No. 12 seam (Thompson) 
90 Rock 


6 No. 11 seam (Carbon) (Paton) 

55 - Rock 

3 Corbicula zone 

20 Rock 

3  Ostrea zone 

5 Rock 

Ornithominus zone, 110 feet above No. 9 


2 No. 10 seam (Marker seam) 
60 Rock 

1 No. 9 seam 
15 Rock 

2 No. 8 seam 
100 Rock 

AT Omit aSeald 
9b = Rock 

OANA seam 
70 Rock 

5 -No. 5. seam 
15 Rock 

1 No. 4 seam 
10 Rock 

1 No. 3, seam 
10 Rock 

3 No. 2 seam 
30 Rock 

6 No. 1 seam 
40 Rock 

1 No. 0 seam 
100 Rock 


Bearpaw shales at base 


1,224 Total thickness of the Kdmonton Formation. 


In Report No. 5, on the “Geology of the Drumheller Coal 
Basin,” the lower contact of the Edmonton was shown to be 
irregular on the underlying Bearpaw shales, with fingers of the 
shale occurring in the basal Edmonton strata. 
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The surface of the Edmonton formation has been determined 
by Mr. Sanderson as an erosional plain, with the younger Paskapoo 
strata lying disconformably upon the Edmonton erosion surface. 


This observation on the relation of these two formations is a 
discovery that is of very great geological significance, and is addi- 
tional information on the stratigraphy of Alberta. The discon- 
formity means that for a time the uppermost sediments in the 
Edmonton period of deposition formed a land surface which later 
became submerged, and on which the younger Paskapoo sediments 
were deposited. The maximum amount of disconformity between 
these two formations is represented by about 450 feet of strata, 
according to observations by Sanderson. 


The field investigation in 1924 in the coal areas mentioned above 
has proved the following points with reference to the coal seams :— 


1. The coal seam mined in the vicinity of Carbon is No. 11, 
and is a higher seam than any of those mined in the Drumheller 
coal area. 


2. The Carbon seam is also mined on Rosebud creek, six miles 
north of Rockyford; in section 33, township 27, range 21, six miles 
northwest of Benyon, at Standard; and up Red Deer valley, where 
it is known as the Paton seam in, township 37. 


3. Seam 12 (Thompson seam) is mined on the banks of Red 
Deer river in townships 35 and 36. 


4, Seam 13 (Nevis seam) is mined about one mile northwest 
of Nevis, in township 39, range 22. This seam is 45 feet below 
the Ardley seam. 


5. Seam 14 (Ardley seam, or Big seam) occurs close to the 
top of the Edmonton formation, and is mined in the vicinity of 
Ardley, Trochu, Threehills, Rowley, five miles west of Scollard, 
and at Big Valley. 


6. The Ardley seam corresponds in stratigraphic position to 
the Pembina seam at Evansburg, and to the Wabamun seam. 


7. Two fossil horizons have been determined in the Edmonton 
formation, and these will undoubtedly be of assistance in the corre- 
lation of coal seams in other coal areas. These horizon markers 
are designed by the principal fossil that occurs: namely, the 
Corbicula zone and the Ostrea zone. These zones occur 155 feet 
and 178 feet respectively below the Carbon seam (Seam 11). 


8. Another horizon that will probably be more continuous than 
the fossil zones, and therefore of great correlation value, is a bed 
of voleanic tuff about one foot in thickness that has been deter- 
mined and mapped by Sanderson. This volcanic tuff bed occurs 
about 50 feet above Seam 12 (Thompson seam). <A detailed mic- 
roscopical, and chemical examination of this tuff is being made by 
Sanderson, and the results obtained will be published later. 


9. The eastern boundary of the Paskapoo formation between 
townships 25 and 40 has been mapped as far east as and including 


Hand hills. 
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10. The Edmonton-Paskapoo contact, and the younger Tertiary 
rocks of Oligocene age capping the Hand hills have also been 
determined. The coal seams in the vicinity of this residual outler 
and also in the vicinity of Sheerness have been examined and 
correlated with the coal seams along Red Deer valley. 


Sor. DisrrRiBUTION AND ITS RELATION TO SURFICIAL DeEPposits 
IN SOUTHEASTERN ALBERTA 


A soils survey of Alberta is being carried out under the direction 
of Dr. F. W. Wyatt, Professor of Soils at the University of 
Alberta. During the past two years the writer has spent a short 
time with Dr. Wyatt, making a general survey of the surface 
geology of certain parts of Alberta, and noting particularly the 
influence of geology on soil distribution. Much of the area in- 
cluded in the Macleod, Lethbridge, Medicine Hat and Rainy. Hills 
sectional topographical sheets has been examined. A short 
geological appendix will be included with each of the soils reports 
prepared on this area. 


In 1924 the writer spent about a week with the soils survey 
party, and a traverse was made down the east side of the province 
from Oyen on the Canadian National Railway in township 27, 
through Acadia valley, Empress, Medicine Hat, and Cypress Hills, 
to Comr ey; then west up the Milk River valley to Coutts, via Milk 
River ridge to Cardston, and to Waterton lakes. The broad surface 
geology features were noted, but these will not be discussed in this 
report. Although the prime object of this survey was to observe 
the influence of the geology on soil distribution, yet data of a 
broader geological character were obtained when ‘time permitted. 
Additional information was obtained on clay deposits, coal seams, 
and on the general stratigraphy of south-eastern Alberta. 


Cypress hills form the most pronounced topographical feature 
in southeastern Alberta. The western end of these hills is in 
Alberta, but the greater part hes in Saskatchewan. The hills rise 
about 500 feet above the plains at Medicine Hat, and represent a 
residual outlier on the plains. There are three pronounced residual 
hills in Alberta, the tops of which represent the former level of 
the surrounding plains. These are Cypress hills in southeastern 
Alberta, Hand hills east of Drumheller, and the Swan hills south 
of Lesser Slave lake. Each of these prominences is important 
geologically. 


The plains of southeastern Alberta at one time were at the same 
elevation as the top of Cypress hills. The hills are capped by 
Miocene loose conglomerate, the youngest consolidated rock in 
Alberta. The top of these hills is ‘as flat as any part of the sur- 
rounding plains. There is no evidence that the top of the Cypress 
hills was ever covered by the ice sheet, even during its maximum 
extension. 


Clays exposed on the slopes of these hills at the west end appear 
to be of high quahty. A further investigation of these clays is 
warranted.: 
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The Milk River ridge between Coutts and Cardston is another 
prominent topographical feature, but this ridge is due to structural 
features rather than to erosion. 


On is traverse, a visit was ree to Comrey to determine the 
horizon of the coal mined in township 2, range 6, west of the 4th 
Meridian. This coal seam is in the upper part of the Belly River 
series, corresponding in age to the coal at Taber. The quality of 
the coal is henitic, influenced somewhat by the Sweetgrass Buttes 
that extend from township 1, range 10, south into Montana. The 
‘“badlands” along Milk River valley, and north of Comrey, are 
formed in the Belly River rock, and form a topography similar to 
the badlands along Red Deer valley in the same formation. 


A geological report has been prepared by the writer on “The 
Relation of the Geology to the Soils in the Macleod Sheet.” The 
report will form an appendix to the soils survey report on that 
topographical sheet by Dr. Wyatt and his associates. A few notes 
are also included on the source of the water supply in this part of 


Alberta. 


Most soils have been derived from the disintegration of older 
rocks. ‘There is therefore a close relationship between the soils in 
any area and the geology in or close to that area. In the Macleod 
sheet there are four types of unconsolidated surface deposits :— 


1. Residual deposits, formed from the underlying rocks by 
chemical and mechanical processes of weathering. 


2. ‘Transported deposits of alluvial, lacustrine, and wind origin. 
These deposits are found along the present river courses or along 
old drainage courses. 


3. Glacial moraine, consisting of unsorted gravel and sand in 
the form of t2l/ or boulder clay left by retreating ice sheets. 


4. Re-sorted glacial deposits that occur along glacial drainage 
courses or in lakes and ponds at or close to the front of the ice. 


The distribution of these different types of surficial deposits in 
the Macleod sheet are discussed in the report appended to the Soils 
report. 


ALUMINIUM SULPHATE 


The presence of alum salts in the banks of Smoky river has been 
known for several years. Samples received for analysis have been 
recorded in Report No. 2 (1920), page 126, and in Report No. 5 
(1922), page 39. The writer made a brief examination of a de- 
posit near the mouth of Little Smoky river in 1924. 


Little Smoky river joins Smoky or Big Smoky river in town- 
ship 77, range 24, west of the 5th Meridian. The valleys of these 
two rivers are cut 500 to 600 feet below the adjacent plateau. The 
elevation at the junction of these two rivers is approximately 
1,275 feet above sea level, and the plateau has an altitude of about 
1 850 feet. Extensive slumping of the soft rocks has occurred along 
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the sides of the valleys. Slump blocks half a mile or more in 
length are common. The rocks outcropping along the sides of 
these valleys near the junction of the Smoky and Little Smoky 
have been determined by Dr. F. H. McLearn of the Dominion 
geological survey, as the Smoky River formation, the lower part of 
which is elsewhere correlated with the Colorado group of Upper 
Cretaceous age. It is the “lower shale” member of the Smoky 
River formation that occurs in the slump banks about the mouth 
of Little Smoky river. This member consists of clay shales and 
sandy clays. 


At many points along the valley sides, the shale surface has a 
thin white incrustation of aluminium sulphate. In some places 
a concentration of this alum salt forms a heavy white deposit, 
where the salt has been leached from the shales. At a few places 
a white deposit of sulphate of aluminium covers the side of the 
valley, and has a depth of at least two feet. Usually the alum 
salt incrusts and cements angular fragments of shale, and some- 
times even waterworn pebbles, so that the whole rock is a breccia. 
At no place was more than one or two inches of pure sulphate 
observed between the angular fragments. This means that al- 
though the white incrustation is extensive and indicates a large 
deposit, yet the amount of pure aluminium sulphate is relatively 
very small and unimportant economically. The shale fragments 
_ enclosed in the breccia also contain aluminium sulphate, but the 
percentage is very small as compared with the incrustation. 


The deposit of aluminium sulphate has been derived from the 
“lower shale” member of the Smoky formation by leaching of the 
contained salts in the shale. The waters are all of meteoric (sur- 
face) origin. These sulphates are undoubtedly derived from the 
oxidation of the shales and overlying sandstones containing 
sulphides of iron in the form of pyrite and marcasite. Wherever 
there is a seepage along the sides of the valley, there is always 
evidence of aluminium sulphate, and often the incrustation is quite 
extensive. The largest deposit observed occurs close to the mouth 
of Little Smoky, but even here the amount of pure aluminium 
sulphate is quite insufficient to class it as a commercial deposit. 


The crystallography of this mineral has not yet been completed, 
so it is not yet known which alum mineral is present. The follow- 
ing analyses indicate the range in composition of the deposit :— 


Insoluble “im: water. -Scn..:0en ce eee Jo 475 3.02 

Analysis of water soluble :— 
Sulphuric anhydride (SO,) ..............0 Yo™ GIVES 78256 
Atomina CAl00) 22. Atesessesqaeeeagnecueetagtcas Go PNG22N ET O04 
ironeoxide™=(l'esQ.)" 0, ianeaeeceeenee: To 6.19 4.16 
ime (Ca0)) a2:.:.. 2 eee SE EELS bE Py 
Maonesia «(M20 io. et ee eee %o 8.24 9.74 
Potashs(K0). cussion Gy 2.06 Sree 


The occurrence of aluminium sulphate in Alberta is of im- 
portance. Although this occurrence as observed is small as to 
quantity, the possibilities of larger and workable deposits in this 
part of Alberta are promising. 


SCIENTIFIC AND INDUSTRIAL RESEARCH Councit oF ALBERTA 43 


Alum is used chiefly in tanning skins and in sizing paper, but 
also in dye manufacture, water and sewage clarification. In May, 
1925, the price of aluminium sulphate on the New York market 
was quoted at $1.40 to $1.45 per cwt. 


PrLacer GoLtp on ATHABASKA RIVER 


A reported enrichment of gold placers on Athabaska river 
near Smith was examined by the writer. The locality investigated 
is about ten miles south of Smith, and upstream on the west ‘bank 
of Athabaska river in township 70, range 1, west of the 5th Meri- 
dian. A small washing plant had been installed, and colors were 
obtained from any of the sands from the water line to the top of 
the bank, about 100 feet above the river level. This wide distribu- 
tion of gold was found to be due to slumping of the upper gravels, 
where the values appear to be higher. 


At the point where the examination was made, the gravel, sand 
and clay carrying gold values occur within about five or seven feet 
of deposits, 90 feet above water level. These deposits are of lake 
origin, and were formed when the early drainage of the Athabaska 
was dammed up, and a lake resulted. The sands were panned by 
the writer at different levels down to the water line farther down 
stream, but few colors were observed. 


Samples taken from the upper five feet were panned on the 
ground by the writer. The weight of the sand was determined. 
The gold values averaged $1.30 per cubic yard of 3,000 pounds. 
This gold content represents about one cent per pan of sand. The 
fineness of the gold was not determined accurately, but it is repre- 
sented approximately by 3800 colors to the cent. Another sample 
taken from the same bed of gravel, but 75 feet down stream, con- 
tained values of 61.4 cents per cubic yard, or approximately half 
of one cent per pan. The following assay results were obtained 
from four samples panned on the ground, and assayed by J. A. 
Kelso, Industrial Laboratories, University of Alberta: 


é; Value 
Sample per cubic yard per 
No. Location Sampled of 3,000 lbs. pan 
il Upper 5 ft. in west bank, 90’ above water 
Pe vic e Ree eee Ont Moat heeaceyen and akc onscte $1.30 1O0¢ 
ja 6’ shaft on top of bank, about 10’ higher 
ETI ATISIN Gate coon ches tree tens tates es cant aes oly eet 65.4¢ 0.5¢ 
3 Wp perao eilatie shatter lac cman mee yet 40.2¢ 0.3¢ 
4 Same horizon as No. 1, and 75’ down- 
SEL ANT) sos hoe eee eaten ee cee nar teen as trea 61.4¢ 0.5¢ 


These analyses indicate that there are fair values in the gravels 
at the top of the escarpment, and 90 feet above the river level. 
This location makes it difficult to get water on the richest gravels 
for prospecting purposes. The various tests made with the pan 
indicate that the best values occur within a thin bed of gravel about 
5 feet thick. Further prospecting of these gravels is necessary 
before any more detailed conclusion can be given. 


“ 


44 Firrh ANNUAL Report 


CoaL AREAS OF ALBERTA 


In the Annual Report of Council for 1923 a map of Alberta 
was included on which the writer had outlined 36 coal areas. These 
coal areas were defined with reference to the geological formations 
in which the coal seams occur, and the extent of each coal area 
was defined by the chemical and geological data available at the 
date of publication. The coal areas as outlined on this map are 
used for the chemical classification of coal by the Industrial Re- 
search Department in Edmonton, and also by the Mines Branch, 
Ottawa. 


In 1924 these coal areas were also accepted by the Alberta 
Mines Branch as denoting coal inspection areas. This means that 
in the future all mining statistics compiled by the Alberta Mines 
Branch, as well as chemical and geological data, will be given 
according to this Alberta Coal Areas map. 


On the original map (No. 6) the 86 coal areas were divided 
according to the three coal-bearing formations. ‘Ten of these areas 
indicate the distribution of the A’ootenay formations, where the 
contained coal seams are accessible to mining operations; fourteen, 
the Belly River or Saunders, and the other 12 areas, the Hdmonton. 


When these coal areas were accepted as mine inspection areas, 
it was necessary to increase their number in order to include all 
points where coal was being mined. Six were added to the Belly 
River or Saunders list, and the Brooks coal area was divided be- 
tween townships 18 and 19. The name “Steveville” was given to 
the northern part of the original Brooks area. These new areas 
are defined as follows :— 


Coal Area Townships Ranges Meridian 

Sexsmithasae.cceee § 69 to 78 2, towne W. of 6th 
LTS 00 NS base 6 

Wal ALe rca cosatis 12 9LON Lo i aan 8 bel kes: 6th 
DLEVOVINLG o..5 see0.k eee 20 to 26 9 to ‘16 Ath 
HEAP YVeOSS assis. tedeeces LTILOLZS Linte ©28 4th 
Wainwright .......... 44 to 47 5 to 10 Ath 
RES econ aa es 54 to 60 9 to 20 4th 
Rochester ics: 5S..t0 Oo 20 GOAL 4th 


The northern limit of the Redcliffe area has been moved 3 miles 
north to the boundary between townships 16 and 17. 


Two additional coal areas have been defined in the Edmonton 
formation, namely :— 


Coal Area Townships Ranges Meridian 
Wetaskiwin .......... 41 to 49 PR ns wane | W. of 4th 
Whitecourt 2.25. 53 to 60 IQto. 52 5th 


The revised coal areas map now includes 45 coal areas, divided 
as follows :— 


Kootenay—10 coal areas 


1. Smoky River 5. Clearwater 9. Oldman 
2. Brule 6. Panther 10. Crowsnest 
3. Mountain Park 7. Cascade 

4. Nordegg 8. Highwood 
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Belly River or Saunders—21 coal areas 


1. Halecourt 8. Magrath 15. Steveville 

2. Prairie Creek 9. Lethbridge 16. Empress 

3. Coalspur 10. Milk River 17. Wainwright 

4. Saunders 11. Pakowki 18. Pakan 

5. Morley 12. Taber 19. Rochester 

6. Pekisko, 13. Redcliff 20. Sexsmith 

7. Pincher 14. Brooks oe Valhalla 
Edmonton—14 coal areas 

1. Pembina 6. Ardley 11. Gleichen 

2. Edmonton 7. Big Valley 12. Champion 

3. Lofield 8. Carbon 13. Wetaskiwin 

4. Camrose 9. Sheerness 14. Whitecourt 

5. Castor 10. Drumheller 


It is suggested to the reader that the new coal areas, as de- 
fined above, be added to his copy of the original map until such 
time as a revised coal areas map is published. When these new 
areas are added, it will be noticed that an extension of the Belly 
River rocks outcrops along the eastern side of the province, east 
of the Edmonton formation. The general geological structure is 
trough-lke, with the axis of the depression trending north-north- 
west. Belly River coal mined within the areas east of the Edmonton 
coal areas will be less mature than some of the coal in the Edmon- 
ton formation to the west. 


“The Coal Sales Act, 1925”,* assented to April 10, 1925, legalizes 
these coal areas insofar as they are used in the sale of coal. 


It may be necessary from time to time to add new areas as new 
coal fields are opened up. The boundaries of these areas will be 
defined only after a careful geological survey has been made of 
the district and chemical analyses made of the coal. 


*Statutes of Alberta, 1925, Cap. 21. A copy of this act may be 
obtained from the King’s Printer, Edmonton, Alta. 
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THE BITUMINOUS SANDS OF NORTHERN 
ALBERTA 


By- KAA. CoARR AND. S: MoM. sbrarr 


Until the year 1924, work on the bituminous sands of Alberta 
was confined almost entirely to a study of how their bitumen 
content can be separated from the sand with which it is mixed, 
and of the application of the crude separated bitumen to the 
stabilization of rural earth roads. Very little attention had been 
given to the bituminous sand deposit itself. During the season of 
1924, a field party was placed in the bituminous sand area to make 
a detailed study of the method of occurrence of the bituminous 
sands, to note any features of the deposit having a bearing on 
the study of the separation of the bitumen and its practical uses, 
and to get the information required for deciding how the 
bituminous sands can be mined or excavated, and at what probable 
cost. 


The study of the separation of the bitumen from the bituminous 
sands and the application of the bitumen to earth road stabilization 
was continued. A new separation plant was designed, constructed, 
and set in operation. Plans were laid for experimental road con- 
struction as soon as sufficient bitumen for the project was forth- 
coming from the separation plant. 


Fietp EXAMINATION OF THE BiruMINOUS SANDS 


The field examination of the bituminous sands was planned and 
carried through by 8. M. Blair. The party, including also G. J. 
Knighton, assistant, two helpers and a cook, left Edmonton 
on May 20, and returned on September 18. The party conducted 
its work over that part of the bituminous sand area which can 
be regarded as having any immediate commercial significance. 
Thirty-five representative exposures of bituminous sand were ex- 
amined in detail. A shaft was sunk into the bituminous sand 
deposit to a depth of forty-five feet. Approximately two hundred 
and fifty samples of material were collected from the exposures 
examined, and from the shaft. These were sealed up in air-tight 
cans, and shipped to the laboratories at Edmonton for analysis. 
Some large samples were also collected, including half a ton of 
bituminous sand from the shaft. Bitumen seepages were examined 
and sampled, and many other features of the bituminous sand 
deposit were noted. 
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The Bituminous Sand Area Kxamined 


The bituminous sand deposits have been frequently described.” 
Suffice it here to mention that an area of at least 1,000 square 
miles underlain by bituminous sands is indicated by the bituminous 
exposures along the Athabaska river from the neighborhood of 
McMurray down stream for sixty miles, and along the tributary 
streams entering the Athabaska. The area is no doubt much targer 
than this; but it is only that part of the bituminous deposit which 
is accessible that is of any immediate interest. The Alberta and 
Great Waterways Railway runs from Edmonton northward 300 
miles to Waterways on the Clearwater river, six miles from McMur- 
ray. River navigation is carried on by shallow draft steam boats 
from Waterways along the Clearwater and Athabaska rivers 
through the extent of the bituminous sand area. 


The area underlain by the bituminous sand formation is covered 
by a growth of poplar, spruce, willow, jackpine, and tamarac. The 
drainage of the country is not well developed, and much of the 
land back from the valleys consists of muskeg and swamp. The 
overburden covering the bituminous sand formation is the thickest 
in the southern part of the area, decreasing in thickness in the 
central part, and increasing again to some extent toward the 
extreme north, where the formation pinches out. 


The field party examined the bituminous sand occurrences along 
the Athabaska river from McMurray down stream for sixty miles. 
Exposures along the tributaries of the Clearwater and Athabaska 
rivers were examined, as follows: Christina river, 8 miles; Hang- 
ingstone river, 4 miles; Horse river, 4 miles; Steepbank iver, “8 
miles; Muskeg river, 4 miles; McKay river, 10 miles; and Ells 
river, 10 miles. 


‘ Method of Kxamining Outcrops 


The method adopted for conducting the field examination con- 
sisted in making cross-sections of the strata in the bituminous 
outcrops. Outcrops offering the maximum opportunity for obser- 
vation of lateral as well as vertical variations in the nature of the 
beds were chosen for study. The first operation of working an 
exposure was the digging of a trench from top to bottom through 
the weathered surface into fresh material. The trench was a con- 
tinuous one if conditions permitted. Otherwise, a trench was made 
in sections covering the entire thickness of exposed beds. | Where 
rich beds of bituminous sand were crossed, it was not necessary to 
dig the trench to a depth of more than a few inches to reach fr esh 
material ; but in the case of lean, weathered beds, and where talus 
had accumulated, several feet of material had to be removed. When 


*Preliminary Report on the Bituminous Sands of Northern Alberta, 
S. C. Ells; (No. 281, 1914) Mines Branch, Canada. 

Summary Reports, Mines Branch, Canada, from 19138 to date. 

First and Second Annual Reports on The Mineral Resources of 
Alberta, J. A. Allan; Scientific & Industrial Research Council of Alberta 
(1920 and 1921). 
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the entire thickness of fresh beds was brought to hght, the beds 
were examined, divided into logical divisions, and a detailed de- 
scription of them recorded. A profile of the exposure was pre- 
pared, and the position of the points of division of strata accurately 
located. In addition to the field examination and description of 
the beds, careful sampling of them was carried out to enable 
laboratory examination to be done. A channel sample through 
each division of strata was cut from the fresh material exposed by 
the trench. A large sample* was thus secured, which was then 
quartered down to one weighing approximately four pounds for 
packing and sealing in quart air-tight sample tins in which the 
samples were shipped to the laboratory in Edmonton. 


An alternative method of examining the bituminous area would 
have been by means of drilling. Drilling operations, however, are | 
confronted by serious difficulties as well as advantages. The pro- 
cedure adopted by the field party seemed to be the better method 
for the immediate objective in view. By means of it, a fairly 
complete practical knowledge of the accessible portion of the bitu- 
minous formation was gained expeditiously and at small expense. 
Furthermore, it was understood that the Mines Branch, Ottawa, 
was planning to carry out drilling tests. 


Laboratory Examination of Samples 


The bituminous sand samples, on reaching the laboratory, were 
examined to determine the percentage of bitumen, water and 
mineral matter which they contained, the specific gravity and 
sulphur content of the bitumen, and the mechanical grading of 
the sand. The water plus bitumen content was found by extracting 
the bituminous sand with benzene, and drying and reweighing the 
extracted sand. The water content was determined separately by 
the distillation method of the Amercian Society for Testing 
Materials.t By carefully distilling off the bulk of the benzerte 
from, the extraction of the bituminous sand sample, and evaporat- 
ing the remaining solvent on a waterbath, a sample of the bitumen 
was secured for specific gravity and sulphur determinations. 
Specific gravity determinations were made by means of picnometers. 
Sulphur determinations were made by the bomb method.£ The 
extracted sand was submitted to physical analysis by means of a set 
of Tyler sieves. 


Record of Field and Laboratory Data 


The complete record of field data relating to two of the thirty- 
five bituminous sand occurrences examined are given below and in 
Figures 4 and 5. The corresponding laboratory data are given in 
Tables V. and VI. | 


*The large samples weighed from fifty to one hundred pounds. This 
weight varied with the thickness of the strata sampled. 

+A. S. T. M. Standard Test D-95-24. 

The sulphur determinations were made by W. P. Campbell, Fuel 
Analyst. . 


SCIENTIFIC AND INpuUsrRiAL Researcu Councit or ALBERTA 49 


Cross-Section No. 2, Description of Strata 


Thickness 


Strata Description feet 


Overburden Heavy overburden covered with trees and rapidly 
increasing in thickness back from the exposure.. — ........ 


1A Very lean beds of bituminous sand with bands of 
shale interbedded; obviously weathered ................ 3.0 
1B Lean but massive bituminous sand; shale bands 


fewer and thinner than in 1A; prominent shale 
band 30” thick near centre of 1B, with showing of 


wWhitersalt: crystalstcc.ccctuk Bicg.d ee eee eee 10.0 
2 Uniform, hard, massive, cliff-forming bituminous 

sand’ Of? medium *TIChNe seers et Gere eee ee 
3A Massive, fairly rich, cliff-forming bituminous sand 6.1 
3B Massive, hard, cliff-forming bituminous sand; 

Jeaner and more stratified@thanv 3A: 00... 0s 10.2 
4 Massive bituminous’ sand, showing irregular 


cleavage; lean at top, getting richer toward the 
bottom; salt} crystallizes out along lines of minor 
stratification, with pronounced showing at the 


bottom -of this divisions: 270i a ee ee eee hee 
5A,B,C,D Massive, rich bituminous sand; cross bedding ap- 
parent; cleavage parallel to face; bitumen seeping 
out has coated the face of B in some places............ 48.0 
ARLES OPES eee cee ERR ne ire ROUEN abn! aia hhh Kc a 6.5 
Total: thicknessiver.0: oe 104.1 


Cross-Section No. 32, Description of Strata:—This bituminous 
sand occurrence was studied more intensively than some others by 
means of surveying and trenching. 


The overburden consists of sand and clay of a depth varying 
from 3 to 6 feet, and is covered with a growth of spruce. 


There is a thickness. of approximately sixty feet of bituminous 
sand strata. The bituminous sand is essentially uniform in nature 
and is massive, rich, soft, and homogeneous. Very few partings of 
lean material occur. There is no outstanding form of cleavage 
apparent, and no showing of salt crystallization on the surface of 
the exposures. The strata have been divided into four divisions 
rather arbitrarily for purposes of sampling. The only character- 
istic affecting the choice of division was a seeming difference in 
tendency toward cliff-formation at different elevations. 


This occurrence is one of a series of shoulders that stand out 
along the Athabaska‘river for one and a half miles. 


+The salt crystals found on the surface of bituminous sand exposures 
are not necessarily crystals of common salt (sodium chloride). An 
analysis of one sample of these crystals is given on page 62. 
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Shaft into the Bituminous Sand 


Examination of outcrops was open to a criticism which might 
have proved a serious one. Bituminous sands occurring within 
easy reach of the surface of an exposure might not be strictly 
comparable to the material comprising the body of the deposit 
back from the surface; and even though care were taken to strip 
off the surface material which had been enriched, leached or other- 
wise affected by weathering, and apparently fr esh material br ought 
to hght, this material might still be somewhat altered, due to “its 
proximity to the surface. 


Some means of comparing the apparently fresh material from 
outcropping bituminous sand beds with material from the same 
beds well back from the exposure was desirable. The comparison 
was made by sinking a shaft into fresh beds of bituminous sand, 
and noting how the nature of the bitumen in them agreed with 
that in the same beds where they came to the surface on an outcrop. 
A site for the shaft was chosen where the bituminous beds could be 
reached by digging through about fifteen feet of overburden on a 
river flat. Bituminous sand beds were exposed on the face of a 
chff at the bend of the river about 1,500 feet away. The lower 
beds at the chff corresponded to the upper beds reached by the 
shaft. 


The sinking of the shaft gave information about another matter. 
The draining of petroleum by means of shafts and galleries from 
the oil field at Pechelbronn, Alsace, which had ceased to yield oil 
by means of drilling wells, has attracted much attention’ of late. 
It has been suggested from various quarters that this mining 
method would be found to be admirably suited to the bituminous 
sand deposits of Alberta.* The suggestion has not appealed to 
those familiar with our deposits; but still it was desirable to obtain 
some definite information as to whether the bituminous sands 
would drain or not... The shaft gave opportunity of making obser- 
vations along this line. 


The site for the shaft was in the valley of Horse River, about 
one mile and a half upstream from the mouth, and about one 
hundred feet back from the river’s edge.t The shaft was four feet 
square, and was sunk to a depth of forty-five feet. This depth 
placed the bottom of the shaft twenty feet below the water level 
in the river. The excavating was done by picks and shovels, with 
the assistance of slow explosives. The shaft through the over- 
burden was cribbed tightly with lumber; the part through the 
bituminous sand was cribbed with flattened poles set vertically. A 
section of one side was left unobstructed to make possible subsequent 
observations. The material penetrated by the shaft was examined 
and sampled. 


*“Working Petroleum by Means of Shafts and Galleries,’ contribu- 
tion to discussion by Mr. Cunningham Craig, J. Inst. Pet. Tech., July, 
POZE SOs Lots 

+The shaft was situated on the bituminous sand reserve of the Parks 
Branch, Department of the Interior, Ottawa. Thanks are due to the 
Parks Commissioner for permission to sink the shaft. 
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The nature of the shaft and of the bituminous sand beds through 
which it passed are described below and illustrated in Figure 6. 
The laboratory data are given as Table VII. 


Shaft on Horse River, Description of Strata.—The overburden 
consists of fifteen feet of bands of sand, sandy clay, bituminous 
sand, rubble, and boulders. The boulders occur at the bottom of 
the overburden, and immediately overlying the bituminous sand 
strata. 


The bituminous sand strata are of fairly constant nature for 
the entire thirty feet penetrated. They consist of rich, uniform 
material. One thin, compact parting of bituminous sand is the 
only indication of banding. A number of marcasite nodules vary- 
ing in size from one to six inches in diameter occur imbedded in 
the bituminous sand. <A certain amount of cross-bedding occurs. 


An auger hole drilled four feet into the bottom of the shaft 
reached a layer of clay. This clay probably represents the bottom 
of the bituminous sand formation. Water smelling strongly of 
sulphuretted hydrogen entered the shaft from this clay. The only 
other water entering the shaft, except for the drops which formed 
on the bituminous sand walls, was that which entered from im- 
mediately underneath the overburden. 


Taste VII.—ReEsutts or ANALYSES OF SAMPLES, SHAFT ON 
Horst River 


Character of 
Bitumen 


Sereen Analysis of 
Mineral Matter, % 


Composition of 
Sample, % 


Depth in Shaft, he Bia Pause 
n P . 
feet Bitu- | Mineral Water : Mesh ih Moen eases ee 
men Matter Cent. 

48 | 100 | 200 | 200 = 

15—17 BBs Ls lets Omlao. oeiaess | 47) 48.218 Ore a12020 5.0 

17-—19 Ae ST eT On teessece 50 | 45 5 1.020 5.4 

19—21 L620 WR OOLO IPSs.” lsaccatys Ale ieoe 7 1.020 4:9 

21—23 dA OBIE el eal ee ger: A ate 47 | 46 7 1.020 5.2 

23—25 OSES Dearest 28 ey aay aad Be eee 57 | 387 6 1.020 5.0 
25—27 BS Wee oll? ove bey hua ESTES ofp pais 5 ae ih 1.020 hee ee 
27—29 LOO SO Bea a neces 57 | 38 5 1 OZ0s ie Hees tees 
29—31 TOS OO Boek. lneektacs 64 | 33 3 EOL Or tee cceee ences 
31—33 TLD les | A ES \GERS es 48 | 47 5 VS020 Sipe ae ete 
338—35 LQ RES OFOM  AacOU Nentancs 62 | 32 6 1. O20 Sites ot eete cee 
35—37 12:2) SOA 74 3) |} bos) pe O20 sireeio nce eee 
37—39 LG OA TO OAD We csiwens 69 | 26 5 A PANY A Vy ficial 
39—A41 LGR sr Olen once 80 | 15 5 TO25 i cal secs eee ce 

472.5 10.8 6.6 4-14-1565) 926 5 1.025 5.2 


Validity of Information Secured by Examination of Outcrops 


Cross-section No. 2 and the data pertaining to it were chosen 
to illustrate the sort of information that has been secured, because 
it represents an outcrop located near the shaft. Comparison of the 
results of analyses of samples from it and from the shaft permit 
of the forming of a judgment as to how truly information obtained 
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Figure 6.—Section of Shaft in Bituminous Sands 


from the examination of outcrops can be considered as applying to 
the material which lies back of the exposures and yet might be 
reached by examination on a commercial scale. The outcrop cor- 


responding to Cross-section No. 2 is located about 1,500 feet awa 
from the shaft. The bottom fourteen feet of the outerop correspon 


in elevation to the top fourteen feet of the bituminous sand pene- 


trated by the shaft. 


Or 


y 
d 
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The effect of weathering factors on the bituminous sand would 
be to cause changes in the bitumen constituent. Little change. 
could take place in the sand. But it 1s interesting to note that the 
corresponding beds in the outcrop and in the shaft are similar as 
regards the mineral matter. The sand at both locations is essen- 
tially a very fine sand, although somewhat coarser at the shaft. 
The proportion of silt (material passing the 200-mesh sieve) is 
low, and substantially of the same percentage at outcrop and 
shaft. If the material near the surface of the outcrop were affected 
to any great extent by weathering, decided differences in the per- 
centage of bitumen present, and especially in the specific gravity 
of the bitumen, should be obvious when material from the surface 
and from a position back from the surface are compared. No 
such differences occur. Both the percentage of bitumen and its 
gravity correspond well for the bituminous sand at the outcrop 
and in the shaft. The gravity is slightly higher, and the water 
content is lower at the surface of the outcrop. These features 
could be interpreted as indicating a certain degree of weathering 
effect; but the very close correspondence between outcrop and 
shaft samples certainly demonstrates that fresh beds reached by 
digging through the covering of weathered material on the face 
of an exposure approximate “closely to the condition of the bitu- 
minous sand beds as far back from the face as commercial workings 
would extend. 


Information Gained from the Shaft 


The sinking of the shaft, in conjunction with the study of the 
neighbouring outcrops, brought out the fact that the effect of 
weathering of bituminous sand beds of good quality and of com- 
mercial significance is confined almost entirely to the outside few 
inches of an exposure. 


The operation of digging the shaft indicated some features 
about the fresh bituminous sand bearing on the general problem 
of mining. Excavating the shaft by hand proved slow work, but 
certain ways of carrying on made faster headway than others. 
The best way seemed to be to loosen up a hole in the centre of the 
bottom of the shaft by explosives, and then shce off the sides of 
the hole with a shovel. This ready slicing off of thin layers is 
suggestive of the types of excavating machinery that might be 
used in working the bituminous sands. 


No tendency whatever was noted for the bitumen to drain out 
of the bituminous sand beds into the shaft during the three 
months it was under observation. The bitumen seems to be en- 
tirely too viscous to move through the very fine sand in which 
it 1s contained. Evidence from the shaft is against the applca- 
bility of the gravity drainage methods of Alsace for petroleum 
mining to the Alberta bituminous sands, at, least to that part of the 
deposit accessible from the -valleys. To discuss the applicability 
of the method to the main deposit away back from the valleys is 
outside the scope of this report. 
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Information Gained from Examination of Bituminous 
Sand Hauposures 


General Nature of the Bituminous Sands.—A presentation of 
the detailed information secured from the examination of the 
bituminous sand exposures can not be made in this summary 
report. But a number of general statements, based on the de- 
tailed data collected, can be given. 


The general appearance of an exposure, and the superficial 
indications of the sort of bituminous sand it contains, can be very 
deceiving. It is unsafe to form any conclusion about the material 
that lies behind a bituminous sand exposure until the surface 
material has been stripped away and the fresh beds brought to 
view. As a general rule, the individual bands of bituminous 
sand contrast sharply with each other. Bands containing different 
percentages of the bitumen, water, and mineral matter constituents 
generally behave differently under the influence of weather, and 
the change from a bed of one material to another is thus made 
apparent. But it often happens that bituminous sands of widely 

varying bitumen content weather to the same general appear- 
ance. It is impossible to be sure of the nature ot the material ° 
outcropping in an exposure without first removing the weathered 
surface and securing a fresh section through the beds from top 
to bottom. 


Cross sections of ordinary bituminous sand outcrops present 
varying successions of minor strata and bands. These consist of 
varying grades of bituminous sand and of silt or clay. Many of 
the bands, particularly in the upper part of the formation, are 
lenticular. There is a great variation in the thickness of the 
lenses and also in the rapidity with which they pinch out laterally. 
Division into thin beds, and the occurrence of lean bituminous 
sand, are characteristic of the upper portion of the formation; 
thicker beds and richer bituminous sand characterize the lower 
portion of the formation. This generalization, however, has ex- 
ceptions, as exposures were found where one or more strata of rich 
bituminous sand occurred toward the top of the formatin. 


The bitumen content of the various bands appearing in an 
outcrop may vary from one to twenty per cent., but seldom exceeds 
sixteen per cent. When bituminous sand is called “rich” or “of 
commercial significance,” it is meant that its bitumen content is 
nine per cent. or oreater. Rich bituminous sand is chff-forming, 
and has a cleavage which may be either irregular or parallel to 
the face of the exposure. It may be homogeneous and massive, 
or have distinct minor divisions and cross-bedding. 


Lean bituminous sand, as the term is used in this report, in- 
cludes bituminous sand containing less than nine per cent. of 
bitumen, and beds of rich bituminous sand which individually are 
too thin for commercial significance and which when combined 
with the associated bands give an average material containing less 
than nine per cent. of bitumen. The lean bituminous sand is not 
compact, has little cleavage, does not weather to a hard surface, 
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and is not cliff-forming. The lean material may be homogeneous 
for a considerable depth, or it may be thinly bedded with partings 
of rich bituminous sand, clay, or even lignite. 


The outcrops on the banks of the rivers, and being eroded by 
the rivers, are of fresh bituminous sand. Other outcrops have 
weathered surfaces. 


In general, the bituminous sand formation consists of two main 
ic divisi a lower and an upper division. The lower 
division immediately overlies the Devonian limestone. It is more 
constant in nature over the bituminous sand area than the upper 
division. At some points it has a thickness of one hundred feet. 
It has a much higher average bitumen content than the upper 
division, and oenerally has a decided chff-forming tendency. In 
comparison with the upper division it has remarkably few bands 
or lenses of clay or lean bituminous sand. 


The upper division is irregular in nature. It consists of all 
the bands of lean and rich bituminous material overlying the 
lower division. The subdivisions vary in number, thickness, and 
nature in different areas of the bituminous sand formation. ‘There 
are, however, some divisions of commercial significance. These 
are shown by certain outcrops on the lower Christina river, on 
Deep creek, and on Hangingstone and Horse rivers. Subdivisions 
of high grade bituminous sand_ thirty feet in thickness may be 
found in this area in the upper division. There is a large amount 
of material in the upper division in many areas, however, which 
is composed of bands of lean bituminous sand with much thinner 
partings of rich bituminous sand as well as partings of clay or 
silt. This material is eroded much more easily than rich material. 
The upper division also contains all the bituminous sandstone, 
in contradistinction to the bituminous sand. ‘This sandstone is 
hard and compact, partially saturated with bitumen, and occurs 
near the top of the formation. ‘There are seldom more than three 
thin bands, varying from four inches to a few feet in thickness. 
Bands from six to eight inches thick are the most common. There 
are occasionally very thin partings of brown lignite coal in the 
upper division. z 


There appears to be little change in the nature of the bitumen 
contained in the bituminous sand throughout the area. It is 
always a heavy, dark brown, viscous oil, and with few exceptions 
has a specific gravity between the values of 1.010 and 1.035 
(25°C./25°C.). A few values as high as 1.050 were found, but 
these are in all probability to be accounted for by weathering. 
The bituminous area accessible from Ells river seems to be excep- 
tional as regards the gravity of the bitumen. Specific gravity 
values from the bitumen of samples collected from this locality 
ranged from 1.005 to 1.015. 


The sulphur content of the bitumen is consistently high, and 
‘ranges from 4.5 to 5%. 
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There is a considerable amount of variation in the mineral 
matter with which the bitumen is associated. The most marked 
contrast is that between the sand beds and the clay or silt beds. 
But the sand beds themselves vary both in the amount of silt or 
clay they contain and in the sizing of the sand particles. Rich 
bituminous sand, as a general rule, has a mineral constituent of 
which less than 15% will pass the 200-mesh Tyler sieve. Some 
notable exceptions to this rule are met; and the converse of the 
rule is in nowise true. Samples of rich material sometimes con- 
tain much more than 15% of very fine mineral matter; and high 
bitumen content does not necessarily go with a low percentage of 
material passing the 200-mesh sieve. The sand consists mostly 
of fine particles. Most of the mechanical analyses show less than 
10% of the particles retained on the 48-mesh Tyler sieve. Higher 
percentages of particles retained on this sieve are not uncommon, 
however, and values as high as 75% have been noted. 


The sand consists essentially of quartz particles of varying 
size. Flakes of mica are always evident, and particles of dark- 
colored minerals (chiefly marcasite) are almost always present. 
The proportion of particles other than quartz is small, but is a 
variable from one bed to another as well as from one location to 
another. Silt and clay in varying proportions are associated with 
the sand, and fragments of henite are often present. 


Nodules of marcasite varying in size up to eight inches in 
diameter are found embedded in the bituminous sand. Such 
nodules were encountered while sinking the shaft into the rich 
bituminous sand beds on Horse river. They were found irregularly 
embedded through one particular band of about eighteen inches. 
Nodules are found lying about the base of bituminous sand _ ex- 
posures throughout the area. Occasional pebbles are also scat- 
tered through the bituminous sand. Partings of very fine quartz 
gravel are frequently met in some areas. 


Types of Bituminous Sand Occurrences.—Three types of locali- 
ties are indicated by the bituminous sand outcrops :— 


I. Localities with heavy overburden, 1.e., 50 feet or more. 


II. Localities with light overburden underlain by the whole 
thickness of the bituminous sand formation. 


III. Localities with light overburden underlain by only the 
lower division of the bituminous sand formation. 


TI. Locarrries wirn Heavy Oversurpen.—That part of the 
bituminous sand area lying back of the actual valleys of the 
Clearwater, Christina, Hangingstone, Horse, and Steepbank rivers, 
part of the McKay River valley, and most of the Athabaska River 
valley exemplify this type of bituminous sand occurrence, which 
includes a very large proportion of the total bituminous sand 
formation. 


IJ. Locaurrirs wita Ligut OversurpDEN UNDERLAIN BY THE 
Wrote Tuickness oF THE Brruminous Sanp Formation.—There 
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are areas of considerable extent in the neighborhood of parts of 
McKay river and of Ells river, which have a light overburden 
underlain by the whole thickness of the bituminous sand forma- 
tion. It is only natural to find that the quality of the top strata 
of bituminous sand in these areas varies from place to place. In 
many instances a considerable thickness of these top strata would 
have to be’ removed with the overburden in any commercial oper- 
ation. There are small, isolated sections in the valleys of the 
rivers in the southern part of the area where erosion has removed 
the bulk of the overburden from very limited areas. 


IlJ. Locaririrs wirn Ligur Oversurp—EN UNDERLAIN BY ONLY 
THE Lower Division or THE Biruminots Sanp Formatrion.— 
There are two classes of areas included under this type. First, 
there are the river flats and oxbows which are found notably in 
the valleys of the Christina, Hangingstone, Horse, Steepbank, and 
McKay rivers. ‘These are underlain almost invariably by rich 
bituminous sand. There are oxbows with light overburden under- 
lain by at least forty feet of rich beds, twenty feet of which may 
be above the water level of the river. Secondly, there are other 
areas of very appreciable extent from the development standpoint, 
occurring along the Athabaska River valley in the form of benches, 
where rich bituminous sand is covered ‘by a light overburden. 
These benches are found mostly in the northern part of the bitu- 
minous sand area, but commence about eight miles below MceMur- 
ray. The principal occurrences are between McKay settlement 
and the middle of township 98. They are well exemplified by 
areas near the mouth of the Calumet river. 


The overburden covering the bituminous sand formation is 
thickest in the southern part of the bituminous area, decreases in 
the central part, and increases again to a certain extent in the 
extreme northern part where the bituminous sand formation 
pinches out. 


Miscellaneous Notes——The actual contact between the bitu- 
minous sand formation and the Devonian limestone is seldom 
exposed. Where both the bituminous sand and limestone appear 
above the water level, the contact is usually obscured by slides or 
covered by talus. But although the nature of the contact is not 
proved, rich bituminous sand in many areas directly overlies the 
limestone. In other sections, the two are divided by thin lenses 
of lignite coal, carbonaceous shale, and clay. 


Bitumen seepages form an interesting feature of the bitu- 
minous sand area. These occur particularly in the northern part 
of the area. Many of these were examined. In many cases it 
appears evident that the seepage is caused by water moving through 
the bituminous sand and separating out a certain amount of the 
bitumen. Considerable accumulations of bitumen would seem to 
have been made in some places in this way, although the water 
flow has now ceased. These accumulations are now covered or 
sealed over by hard, brittle material. If this surface is broken, 
the softer bitumen of the interior will slowly flow by gravity. 
Water moving through breaks in the bituminous sands caused by 
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recent slides has a good chance to bring out a certain amount of 
bitumen. The heat of the sun on a surface of rich bituminous 
sand will cause a small quantity of bitumen to collect on the face 
of the outcrop, giving rise to surface enrichment. 


Salt crystals are often found on the face of bituminous sand 
exposures in the southern part of the area. These seem to be 
caused by the evaporation at the surface of water moving through 
the sand. A quantity of these crystals were collected and 
analysed.* The analysis showed :— 


FErrous Bou LDN ater a ees eter Ter neta eee 13% 
(Cal CIRM SUL DILL Giga ase. cceereaseee eee ore eae oe 36% 
Wi eHeCITEY yt OULDMALG Inyo eee eet eee 32% 
Sodigne OUlDNALC Fire ces iecre cde acetoeme core acs 19% 


An interesting observation is that no seepages occur in the part of 
the bituminous area where showings of these salt crystals are 
found. 


Three water samples were collected from bitumen seepage 
holes. Another sample was taken of the water which entered the 
shaft on Horse river. The shaft is in the southern part of the 
bituminous area where the salt crystals are found on the outcrops. 
None of these four water samples was large enough to permit of 
detailed analysis. 


SampLe No. 1.—From a seepage hole on the Athabaska river 
about 2 miles below McKay Settlement on each side. Hole was 
cleaned out several days before sample was obtained. 


Samp_e No. 2.—From a seepage hole on the Athabaska river 
opposite the mouth of Tar river. Water bringing bitumen with 
it appears in the form of springs at the base of a hill. Water 
sample was obtained from a hole dug in the springy ground. 


SamP_e No. 3.—From same location as No. 2. This sample was 
obtained from the top of the hill in a pit dug in the overburden. 
It represents surface seepage water. 


SampLte No. 4.—KFrom the shaft on Horse river some months 
after the shaft was sunk. 


SOA TILE . COs ies. meee serebectes eae 1 2 3 4 
Parts per Million 
POGAOSOLIGG! ececuvcc eee ees 270 340 350 2;270 
AN eaiati ty teeter teeass wremenee eee 90 one 290 1,300 
sulphates (S0.,) .ar..c.8: 34 nil nil kes 
Sulphuretted Hydrogen .... nil 0.25 0.25 - 36.0 


*Analysis made by J. A. Kelso, Provincial Analyst, University of 
Alberta. 


+The alkalinity in No. 4 is due to carbonates of sodium, calcium, and 
magnesium; in Nos. 1, 2, and 3 to carbonates of calcium and magnesium. 
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A water sample collected from the shaft at the time of sinking 
it, and large enough to permit of detailed analysis, showed the 
following results on examination :—f 


Parts per Grains per 

Million Gallon 
Galeitum ~ Carbonate Bacco 84 5.9 
Magnesium Carbonate ..............+. 48 on4 
Ssodium-Carbonate- en ieee ee 1,240 86.8 
sodium; Chloride sein tics rs 707 49.5 
Podium: SuUlpnadle we o..cr.seaeeeree eee 26 i: 8 
Vegetable’ Matter. .23 cere 101 cies 
Sulphuretted Hydrogen .............. 42 3.0 


A number of outcrops of coal were encountered while examining 
the outcrops of bituminous sand. Those of chief significance were 
on the upper Athabaska, Christina, Steepbank, and McKay rivers. 
Occurrences in the latter three areas were examined, sampled, and 
analysed. 


The occurrences of coal are in the form of bands, usually len- 
ticular in form, underlying the bituminous sand formation. The 
coal is usually overlain by shale and minor bands of coal. In 
some cases, however, it is overlain directly by the bituminous 
sand. The bands in some cases are underlain by a small amount 
of shale and clay which, in turn, overlies the limestone; and in 
other cases the coal rests directly on the limestone. 


The bands of coal sampled were in each case at least two feet in 
thickness, and the outcrops were traced for at least 100 feet. 


There are numerous outcrops of coal along the Christina river- 
The bands vary in thickness from a few inches to about four feet. 
The following analysis* is of a channel sample from an outcrop: 
showing in cross-section No. 7. This material is typical of the coal 
in the Christina River area. This particular occurrence is overlaid 
by bituminous sand and underlain by shale. 


Location: Tp. 88, Rg. 6, W. 4th Mer. Sampler: S. M. Blair. 
Method of Air-Drying: Standard. Loss on Air-Drying: 13.9%. 


Proximate Analysis: As Received Air-Dried Dried 
WEOISEU Vee kte 2. ts atdec. siateectie nase cee ae Jo 28.0 LGiAcpY, [oie 
PNSIA Ws tone pes eines: gute iin cree Canes Se nee eee Jo Oe. 18.6 2255 
Volatile wlatter. Joka ier ee To PATE A 29.2 34.9 
Bae) Car vow: 2th) tess eeeneeas Yo 30.8 34.8 42.8 

Calorific Value, gross: B.T.U. per lb. 7,070 8,210 9,820 

Fuel Ratio (Fixed Carbon/Volatile Matter)........ 122.0 


+Analyses of water samples made by J. A. Kelso, Provincial Analyst, 
University of Alberta. 


*The coal analyses were made by W. P. Campbell, Fuel Analyst. 
The “Standard”? method of air-drying consists of allowing the coal sample 
to dry in air maintained at 60% humidity (cf. 4th Annual Report, 
Sr Ls Oe AS en) 
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There are numerous outcrops of coal along the McKay river. 
The following analyses are of channel samples taken from two 
bands of coal each two feet in thickness. The bands are separated 
by one foot of clay. They are overlain by bands of clay contain- 
ing minor bands of coal and underlain by four feet of clay which 
overlies the limestone. 


Location: Tp. 96, Re. 11, W. 4th Mer. 
Sampled 11 Aug., 1924, by G. J. Knighton. 


Upper Band of Coal 
Method of Air-Drying: Standard. Loss on Air-Drying: 6.1%. 


Proximate Analysis: As Received Air-Dried Dried 
1 MESS RES 8 ag = hon Ae bak es RE et eat etter aU %o 142 Si Gis yer 
TEES) Tp UN ai am tS eg eS a Jo 33.6 30.8 ae 
WeOlatiLer NLAt Cer ttt t ornate Yo ZA 26.1 28.6 
Hiedae GanbOn gress fesse ceones eee % Panett 29.5 ave 

Calorific Value, gross: B.T.U. per lb. 6,620 ODO (eee 

Fuel Ratio (Fixed Carbon/Volatile Matter)........ LS 


Lower Band of Coal 
Method of Air-Drying: Standard. Loss on Air-Drying: 6.8%. 


Proximate Analysis: As Received Air-Dried Dried 
VEG ISERIE Goo cme eee eens eeconine: % 16.6 LO. cement eee 
JENS DS | See aR SRD, AUP a ards aA eA VAL % 14.9 6.0) 79 
WOLAUILGRENLATLOD th drcisicrdccceet hae i) 31.4 Set 511.0 
Pec (CAL OOM tai bcs eee es To ae 39.8 44.5 

Calorific Value, gross: B.T.U. per lb. 8,600 9,230 10,300 

HMuele Ratio, (lcGi/ VM.) eo... i006 bene anne s Sect nd, S84 le 1.20 


There are fewer occurrences of coal in the Steepbank area than 
along the Christina or McKay rivers. The following analysis is 
of a “channel sample of a band of coal three feet thick. The out- 
cropping shows in Cross-section No. 14. This band is overlain by 
bituminous sand, and is underlain by the limestone. 


Bocation? Tp.-92,. Re..9; We 4th Mer. 


Sampled 2 Aug., 1924, by G. J. Knighton. 
Method of Air-Drying: Standard. Loss on Air-Drying: 1.4% 


Proximate Analysis: As Received Air-Dried Dried 
MEGISUUNC: bap Shs taachwacs iN eats LTO nau Sa % 24 Deeps 2 a Cee ate 
PA ea Seb ot Oe ae Mea ORNL id % 2523 DAS 28.9 
WiOlAUHILE WVLALLOE 1 oiauccrcee sess eeee cere % 2573 DOL 28.9 
Mixed s Carpi. acta hte ee % a0) 37.4 AD 2, 

Calorific Value, gross: B.T.U. per lb. tt ie) 7,880 8,870 

Hiuel Ration (i: Cs 7, Vole cccepare ere atten tvedaee petioesteevennes 1.45 


The Mining or FLaxcavating of the Bituminous Sands 


Two of the principal firms manufacturing steam shovel 
machinery in America were consulted on the questions of whether 
steam shovel ean would be suitable for excavating the bitu- 
minous sands, and if so, the probable cost of operation. Their 
engineers were given ie specific information about the bituminous 
sand formation “for which they asked. Very definite final replies 
were received from both firms. 
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After a careful examination of a fairly large sample of the 
bituminous sand tightly rammed into a stout box, of general in- 
formation regarding the formation, and of detailed information 
regarding the specific occurrence represented by Section No. 32 
(c.f. pages 49 and 52), both companies stated without reservation 
that their standard steam shovels would dig the bituminous sand 
without difficulty, and that conditions pertaining to the third 
type of bituminous occurrences described in the previous section 
were suitable for steam shovel operations. One company estimated 
that bituminous sand could be excavated from the deposit at 
Section No. 32 and loaded into cars for 10c per ton. The other 
company gave the total cost of operating at this site one of their 
steam shovels capable of digging 1,500 tons per 10-hour day, from 
which it could be deduced that the cost per ton of bituminous sand’ 
mined and loaded would fall below 10c, provided upwards of 1,000 
tons or more were mined per day. 


Brruminous SAND SEPARATION PLANT 


The construction and operation of a small bituminous sand 
separation plant, and the use of the bitumen separated by it in a 
practical earth road stabilization experiment, were described in 
the Fourth Annual Report of the Scientific and Industrial Research 
Council of Alberta. The encouraging results of this work led to 
the undertaking of a more extensive programme of bituminous 
sand separation and experimental road construction. It was de- 
cided that a half-mile of experimental road should be constructed. 
It was estimated that the bitumen from approximately five hun- 
dred tons of bituminous sand would have to be separated for this 
work. This programme was begun in 1924. 


A new experimental separation plant with an estimated capacity 
of 1 ton of bituminous sand per hour was constructed. <A site for 
it was chosen alongside the railway tracks at the E.D. & B.C. 
Railway yards, Edmonton. W. G. Jewitt carried out the details of 
designing the plant, prepared drawings, made out specifications for 
the construction of its parts, engineer ed its erection, and took charge 
of its operation. The first tr ‘ial run was made on August 12th. 
Runs were made intermittently, with interruptions for adjust- 
ments and improvements of the plant, until October 9th, when 
operations were discontinued on account of climatic conditions and 
frozen water pipes. Approximately one hundred tons of material 
were passed through the plant. Operations will be resumed as 
early in 1925 as weather will permit. A complete report of the 
separation plant and its operation will be given in the Sixth 
Annual Report. 
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FOREST PRODUCTS. OF ALBERTA: 
MINE TIMBER 


By BR. Ssh. Witsom 


Professor of Civil Engineering, 
University of Alberta 


The series of tests of lodgepole pine mine booms and props 
mentioned and described in the 1923 Annual Report has been 
continued during 1924. (See 1928 Annual Report, pages 74 to 75.) 
Inspections of the timber at the mine were made in April and 
July. The following conditions were noted :— 


At “intake” there -was no moisture nor fungus, and all test 
pieces were apparently as good as new. 


At “No. 1 Return North” there was fungus up to 14” long on 
all pieces; no dripping or standing water ; psychrometer readings 
indicated saturation. In July there seemed to be possibly less 
fungus. 


At “No. 2 Return North” the conditions were as at “No. 1 
Return North,” except that there was some mud, but no drip. Air 
velocity was 250 feet per minute. 


At “Dead Air” all the timber showed fungus; muddy floor; 
wet roof, but no drip; relative humidity, 93. 


In September, 1924, ten “sets” peeled, and ten “sets” unpeeied 
were removed from “Dead Air” and tested for bending and com- 
pression strengths. The results obtained to date do not cover a 
sufficiently long period to enable an intelligent interpretation of 
the tests completed. It therefore seems advisable to withhold pub- 
lication at present. 


Booms are tested by bending under equal loads at third points 
on a span of 90 inches. Loads and central deflections are observed 
at frequent intervals to obtain the load-deflection curve. Props 
are tested by end compression on 52-inch lengths. Loads and 
axial strains on 50-inch gauge lengths are observed at frequent 
intervals to obtain the load-strain curve. For booms and props, 
all necessary dimensions are observed, and determinations of age 
and moisture content are made. 
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